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EP 3 428 165 B1
Description
Technical Field

[0001] The present invention relates to an electrochromic organic compound, an electrochromic device, an electro-
chromic apparatus, an optical filter, an image pickup apparatus, a lens unit, and a window member.

Background Art

[0002] An electrochromic phenomenon (EC phenomenon) is a phenomenon in which a reversible electrochemical
reaction (oxidation-reduction reaction) induced upon application of voltage changes the light absorption range of a
material and thus the material is colored or decolored. An electrochemically colored/decolored device that uses such
an EC phenomenon is referred to as an electrochromic device (EC device) and is promising for application as a light-
controlling device with varying light transmittance. An organic EC device in which an electrochromic (EC) low-molecular-
weight organic material that exhibits an electrochromic phenomenon is colored/decolored in a solution state is known
to have advantages of a sufficient contrast ratio in a colored state and high transmittance in a decolored state.

[0003] PTL 1 discloses that a phenazine derivative is used as an anode EC material and a bipyridine derivative such
as a viologen derivative is used as a cathode EC material. PTL 1 also discloses examples of the structure of a bipyridine
derivative having electrochromism.

[0004] PTL 2 discloses an organic compound of a pyridine derivative that is colored in a reduction state. PTL 2 also
discloses an electrochromic device that is colored in cyan, magenta, or yellow.

[0005] PTL 3 discloses an electrochromic device including various viologen derivatives colored in a reduction state.

Citation List
Patent Literature
[0006]

PTL 1: U.S. Patent No. 5294376
PTL 2: International Publication No. 2011/046222
PTL 3: PCT Japanese Translation Patent Publication No. 2001-519922

[0007] Also DE 10 2012201673 A1, CN 104 8047 20 A, Li X. et al. (Mol. Cryst. and Lig. Cryst., 2001, vol. 371, pages
1-4), DE 198 25 371 A1, JP S54 160572 A, GB 1 507 834 A, Reus C. et al. (J. Am. Chem. Soc., 2015, vol. 137, no.
36, pages 11710 - 11717), Stolar M. et al. (J. Am. Chem. Soc., (2015), vol. 137, no. 9, pages 3366 - 3371), EP 1 030
212 A, WO 00/14172 A1, EP 0 431 547 A2, JP S51 68793 A, JP S54 37078 A, US 6 661 559 B2, Miles M. H. et al.
(Proceedings-Electrochemistry Society, (199), vol. 41, no. 2, pages 137 - 156), Steblin V. I. et al. (Zhurnal Prikladnoi
Spektroskopii, 1983, vol. 39, no. 6, pages 1020 - 1022), and WO 2016/006204 A provide background art.

Summary of Invention
Technical Problem

[0008] When such an EC device is applied to, for example, full-color displays and color filters, a large change in the
wavelength selectivity (shape of absorption spectrum) of light absorption due to an operating environment needs to be
prevented. However, in electrochromic devices having a bipyridine structure such as a bipyridine derivative, the absorption
spectrum of the bipyridine derivative changes in accordance with the ambient temperature during driving, which some-
times changes the absorption spectrum of the EC device.

[0009] In view of the foregoing, it is an object of the present invention to provide an EC organic compound or EC
device in which the change in the absorption spectrum in a colored state at different ambient temperatures can be
reduced compared with the related art.

Solution to Problem

[0010] According to one aspect of the present invention there is provided an organic compound as defined by claim
1. According to another aspect of the present invention there is provided an electrochromic device as defined by claim 7.
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EP 3 428 165 B1
Advantageous Effects of Invention

[0011] Inthe organic compound or electrochromic device according to one aspect of the present invention, the change
in the absorption spectrum in a colored state at different ambient temperatures can be reduced compared with the related
art.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 schematically illustrates a structure of an electrochromic device according to a first embodiment.
[Fig. 2] Fig. 2 schematically illustrates a configuration of an electrochromic apparatus according to a second em-
bodiment.

[Fig. 3] Fig. 3 illustrates spectra of electrochromic devices in Example 17 and Comparative Example 2 at different
ambient temperatures.

[Fig. 4] Fig. 4 schematically illustrates examples of a structure of an image pickup apparatus according to a fourth
embodiment.

[Fig. 5] Fig. 5 schematically illustrates an example of a structure of a window member according to a fifth embodiment.
[Fig. 6] Fig. 6 illustrates absorption spectra of an electrochromic device in Reference Example 18 at different ambient
temperatures.

[Fig. 7] Fig. 7 illustrates absorbance ratios of electrochromic devices in Examples 17 and 18.

[Fig. 8] Fig. 8 illustrates absorbance ratios of electrochromic devices in Comparative Example 2.

[Fig. 9] Fig. 9 illustrates an absorbance ratio of an electrochromic device in Reference Example 19.

[Fig. 10] Fig. 10 illustrates ultraviolet-visible absorption spectra of an example compound A-7 in a colored state and
a decolored state.

[Fig. 11] Fig. 11 illustrates ultraviolet-visible absorption spectra of an example compound A-7 in a colored state at
0°C and 80°C.

[Fig. 12] Fig. 12 illustrates ultraviolet-visible absorption spectra of a comparative compound 1 in a colored state at
0°C and 80°C.

[Fig. 13] Fig. 13 illustrates ultraviolet-visible absorption spectra of an example compound A-15 in a colored state
and a decolored state.

[Fig. 14] Fig. 14 illustrates ultraviolet-visible absorption spectra of an example compound A-19 in a colored state
and a decolored state.

[Fig. 15] Fig. 15 illustrates ultraviolet-visible absorption spectra of an example compound A-40 in a colored state at
0°C and 80°C.

Description of Embodiments

[0013] In general, electrochromic devices (hereafter referred to as "EC devices") preferably have an absorption spec-
trum that does not change even when the ambient temperature is changed, for example, by generation of heat from an
apparatus including the EC device or by seasonal or areal factors.

[0014] When a bipyridine derivative such as a viologen derivative is used as a cathode EC material, one of causes of
achange in the absorption of the bipyridine derivative is believed to be formation of a dimer (associate) through association
of radical species of the bipyridine derivative generated by an electrode reaction. That is, in the bipyridine derivative,
the existence ratio of monomer and associate sometimes changes with the ambient temperature. Associates of radical
species have an electronic state different from that of monomers of radical species and thus have a different absorption
spectrum. Therefore, if the existence ratio of monomer and associate changes with the ambient temperature, the ab-
sorption spectrum of an EC device changes.

[0015] In view of the foregoing, in the following embodiments, an EC compound and an EC device that have only a
small change in absorption spectrum even if the ambient temperature changes are provided. As a result, there can be
provided an EC device capable of performing gradation control while the change in absorption spectrum is reduced even
if the ambient temperature changes, and an EC apparatus, an optical filter, an image pickup apparatus, a lens unit, and
a window member that include the EC device.
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(First embodiment)
[EC device]

[0016] Fig. 1 schematically illustrates an example of a structure of an electrochromic device 1 (hereafter referred to
as an "EC device 1") according to this embodiment. The EC device 1 according to this embodiment includes substrates
2 and 6, a pair of electrodes 3 and 5, and an electrochromic layer 7 (hereafter referred to as an "EC layer 7").

[0017] The pair of electrodes 3 and 5 are disposed between a pair of substrates 2 and 6. A pair of substrates 2 and
6 on which electrode films serving as the electrodes 3 and 5 are bonded to each other with spacers 4 disposed there-
between so that the electrodes 3 and 5 face each other. The EC device 1 includes an EC layer 7 disposed in a gap
defined by the pair of electrodes 3 and 5 and the spacers 4. The EC device 1 according to this embodiment includes
the substrates 2 and 6, the electrodes 3 and 5, the spacers 4, and the EC layer 7. The EC device includes at least a
pair of electrodes and an EC layer disposed between the pair of electrodes, and does not necessarily include substrates
and spacers.

[0018] The spacers 4 are disposed between the pair of electrodes 3 and 5 so as to provide a space for accommodating
the EC layer 7 containing a solution containing an EC organic compound. The spacers 4 can be made of a material
such as polyimide, polytetrafluoroethylene, fluororubber, or epoxy resin. With these spacers 4, a certain distance can
be kept between the electrodes 3 and 5.

[0019] The EC device 1 may have a liquid injection port (not illustrated) that is formed by the pair of electrodes 3 and
5 and the spacers 4. A composition having an EC organic compound is injected from the liquid injection port. Then, the
injection port is covered with a sealing member and hermetically sealed with an adhesive or the like. Thus, a device can
be produced. The sealing member also has a role of separating the adhesive from the EC organic compound. The shape
of the sealing member is not particularly limited, but is preferably a tapered shape such as a wedge shape.

[0020] A method for forming the EC device 1 according to this embodiment is not particularly limited. For example,
the EC device 1 can be formed by injecting a liquid containing an EC organic compound prepared in advance into a gap
formed between electrode substrates serving as the pair of electrodes 3 and 5 by, for example, a vacuum injection
method, an atmospheric injection method, or a meniscus method to form an EC layer 7.

[0021] The EC layer 7 contains at least one anode EC material and at least one cathode EC material. By applying
voltage between the electrodes 3 and 5, the EC materials cause an electrochemical reaction. The EC device 1 according
to this embodiment is a complementary EC device in which the EC layer 7 contains at least one anode EC material and
at least one cathode EC material. The complementary EC device does not necessarily have a structure in which at least
one anode EC material and atleast one cathode EC material are contained in the EC layer as long as transfer of electrons
occurs between the anode material and the cathode material. For example, the complementary EC device may have a
structure including at least one cathode EC material and an anode material with no electrochromism or a structure
including at least one anode EC material and a cathode material with no electrochromism.

[0022] Ingeneral, when no voltage is applied, an organic EC material is in a neutral state and does not exhibit absorption
in a visible region. In such a decolored state, the organic EC device has high light transmittance. When voltage is applied
between electrodes, an electrochemical reaction occurs in the organic EC material, resulting in a change from the neutral
state to an oxidation state (cation) or a reduction state (anion). The organic EC material exhibits absorption in a visible
region in a state of cation or anion and undergoes coloring. In such a colored state, the organic EC device has low light
transmittance. A material, such as a viologen derivative, that forms a transparent dication structure in an initial state and
is colored through formation of radical species by one-electron reduction is also used.

[0023] Hereafter, the discussion will be made while the light transmittance of the EC device 1 is replaced with the
absorbance of the EC device 1. The transmittance and the absorbance have the relationship -LOG(transmittance) =
(absorbance). The absorbance increases by about 0.3 each time when the transmittance is halved.

<<Substrate>>

[0024] When the EC device 1 is used as a light-controlling device, high transmittance is preferably kept in a decolored
state to reduce an influence on an optical system. Therefore, the substrates 2 and 6 are preferably transparent substrates
that sufficiently transmit visible light and are generally made of a glass material. An optical glass substrate such as
Corning #7059 or BK-7 can be suitably used. A material such as plastic or ceramic can also be appropriately used as
long as the material has sufficient transparency. In this embodiment, the transparency means that the transmittance of
visible light is 90% or more.

[0025] The substrates 2 and 6 are preferably made of a rigid material with less strain. The substrates 2 and 6 are more
preferably substrates with less flexibility. The substrates 2 and 6 generally have a thickness of several tens of micrometers
to several millimeters.
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<<Electrode>>

[0026] When the EC device 1 is used as a light-controlling device, high transmittance is preferably kept in a decolored
state to reduce an influence on an optical system. Therefore, the pair of electrodes 3 and 5 are preferably transparent
electrodes that sufficiently transmit visible light and are more preferably made of a material having high light transmittance
in a visible region and high conductivity. Examples of the material for the electrodes 3 and 5 include metals and metal
oxides such as indium tin oxide alloy (ITO), tin oxide (NESA), indium zinc oxide (IZO (registered trademark)), silver
oxide, vanadium oxide, molybdenum oxide, gold, silver, platinum, copper, indium, and chromium; silicon materials such
as polycrystalline silicon and amorphous silicon; and carbon materials such as carbon black, graphene, graphite, and
glassy carbon.

[0027] The electrodes 3 and 5 are also suitably made of a conductive polymer whose conductivity is improved by
doping treatment or the like (e.g., polyaniline, polypyrrole, polythiophene, polyacetylene, poly(p-phenylene), and com-
plexes of polyethylenedioxythiophene and polystyrenesulfonic acid (PEDOT:PSS)). Since the EC device 1 according to
this embodiment preferably exhibits high transmittance in a decolored state, for example, ITO, [ZO, NESA, PEDOT:PSS,
or graphene is particularly preferably used. They can be used in various forms such as bulk and fine particles.

[0028] These materials may be used alone or in combination of two or more. In this embodiment, both the pair of
electrodes 3 and 5 are transparent electrodes. However, for example, only one of the pair of electrodes 3 and 5 may be
atransparent electrode. The material for the electrodes can be appropriately selected in accordance with the applications.

<<EC layer>>

[0029] The EC layer 7 contains an electrolyte, an organic EC material, and a solvent and is preferably obtained by
dissolving an electrolyte and an organic EC material such as a low-molecular-weight organic material in a solvent.
[0030] The solvent contained in the EC layer 7 is not particularly limited as long as an electrolyte can be dissolved in
the solvent, but is preferably a polar solvent. Specific examples of the solvent include water and organic polar solvents
such as methanol, ethanol, propylene carbonate, ethylene carbonate, dimethyl sulfoxide, dimethoxyethane, acetonitrile,
y-butyrolactone, y-valerolactone, sulfolane, dimethylformamide, dimethoxyethane, tetrahydrofuran, acetonitrile, propi-
onitrile, dimethylacetamide, methylpyrrolidinone, and dioxolane.

[0031] The electrolyte may be any salt that dissociates into ions, has good solubility, and contains a cation or anion
that has electron-donating properties to the degree that coloring of the organic EC material can be achieved. Examples
of the electrolyte include various inorganic ion salts such as alkali metal salts and alkaline-earth metal salts, quaternary
ammonium salts, and cyclic quaternary ammonium salts. Specific examples of the electrolyte include alkali metal salts
of Li, Na, and K, such as LiClO,, LiSCN, LiBF,, LiAsFg, LiICF5SO3, LiPFg, Lil, Nal, NaSCN, NaClO,, NaBF 4, NaAsFg,
KSCN, and KCI; quaternary ammonium salts such as (CHj3)4,NBF,, (CoH5)4NBF,, (n-C4Hg)sNBF,4, (C,Hs)4NBr,
(CyH5)4NCIO,, and (n-C4Hg)4NCIO,; and cyclic quaternary ammonium salts. A generally known structure such as CIO,
, CF380g57, BF -, PFg, or (CF3S0,),N- is used as anion species. An ionic liquid may also be used. These electrolyte
materials may be used alone or in combination of two or more.

[0032] The EC layer 7 is preferably in the form of liquid or gel. The EC layer 7 is suitably used in the form of solution,
but can also be used in the form of gel. The EC layer 7 is used in the form of gel by, for example, a method in which a
gelling agent such as a polymer is added to a solution containing an electrolyte and an organic EC material or a method
in which a solution containing an electrolyte and an organic EC material is supported on a network structural body (e.g.,
sponge) with transparency and flexibility.

[0033] In the case where a gelling agent is added to a solution containing an electrolyte and an organic EC material,
the gelling agentis notparticularly limited. Examples of the gelling agentinclude polyacrylonitrile, carboxymethyl cellulose,
poly(vinyl chloride), poly(vinyl bromide), poly(ethylene oxide), poly(propylene oxide), polyurethane, polyacrylate,
polymethacrylate, polyamide, polyacrylamide, polyester, polyvinylidene fluoride, and Nafion (registered trademark). As
described above, the EC layer 7 may be, for example, a viscous layer or a gel layer.

[0034] The organic EC material is a material that is soluble in a solvent and can be colored and decolored through an
electrochemical reaction. The organic EC material is at least an organic compound represented by general formula (1)
described later. A plurality of materials may also be used in combination, such that an organic compound represented
by any one of general formulae (2) to (5) described later or a publicly known oxidation/reduction coloring organic EC
material can additionally be used. That is, the EC device 1 according to this embodiment may have a plurality of types
of EC materials.

[0035] For the organic EC material, one type of cathodic material that is colored through reduction reaction may be
used or a plurality of types of cathodic materials may be used. One type of anodic material that is colored through
oxidation reaction may be used or a plurality of types of anodic materials may be used. Alternatively, for the organic EC
material, one type of anodic material and one type of cathodic material may be used in combination or a plurality of types
of anodic materials and a plurality of types of cathodic materials may be used in combination. The term "plurality of
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types" herein refers to a plurality of types of materials having different chemical structures. The term "different types"
refers to different chemical structures. The EC device 1 according to this embodiment contains one or more types of
cathodic materials. As described above, one or more types of anodic materials may be contained.

[0036] By combining the EC organic compound with another coloring material with a different color, the EC device
can develop a desired color. The other coloring organic compound preferably exhibits absorption in the wavelength
range of 400 nm or more and 800 nm or less and more preferably exhibits absorption in the wavelength range of 420
nm or more and 700 nm or less. By combining the EC material according to this embodiment with a plurality of other
EC materials, an EC device that is colored in black through absorption of lightin the entire visible region can be produced.
[0037] Herein, the anodic EC compound is a compound that is colored when losing electrons, and the cathodic EC
compound is a compound that is colored when receiving electrons.

[0038] Specific examples of the organic EC material include organic dyes such as bipyridine derivatives, e.g., viologen
derivatives, styryl derivatives, fluoran derivatives, cyanine derivatives, anthraquinone derivatives, and aromatic amine
derivatives; and organic metal complexes such as metal-bipyridyl complexes and metal-phthalocyanine complexes. The
bipyridine derivative such as a viologen derivative can be used as a cathodic material that is decolored in a dication
state which is stable with a counterion and that is colored in a cation state through one-electron reduction reaction.
[0039] Examples of the anodic EC material that is colored in an oxidation state include thiophene derivatives; metal-
locene derivatives such as ferrocene, tetra-t-butylferrocene, and titanocene; phenazine derivatives such as 5,10-dihydro-
5,10-dimethylphenazine and 5,10-dihydro-5,10-diethylphenazine; aromatic amine derivatives such as triphenylamine
derivatives, phenothiazine derivatives, and phenoxazine derivatives; phenylenediamine derivatives such as pyrrole de-
rivatives and N,N’,N,N’-tetramethyl-p-phenylenediamine; and pyrazoline derivatives such as 1-phenyl-2-pyrazoline.
However, the anodic EC material used in the EC device 1 according to this embodiment is not limited thereto.

[0040] Examples of the cathodic EC material that is colored in a reduction state include bipyridine derivatives such as
viologen derivatives, anthraquinone derivatives, ferrocenium salt compounds, and styryl derivatives. Among them, the
EC device 1 preferably contains a bipyridine derivative as a cathodic EC material.

[0041] Specific examples of the compound that is colored in a reduction state include viologen compounds such as
N,N’-diheptyl bipyridinium diperchlorate, N,N’-diheptyl bipyridinium ditetrafluoroborate, N,N’-diheptyl bipyridinium dihex-
afluorophosphate, N,N’-diethyl bipyridinium diperchlorate, N,N’-diethyl bipyridinium ditetrafluoroborate, N,N’-diethyl bi-
pyridinium dihexafluorophosphate, N,N’-dibenzyl bipyridinium diperchlorate, N,N’-dibenzyl bipyridinium ditetrafluorobo-
rate, N,N’-dibenzyl bipyridinium dihexafluorophosphate, N,N’-diphenyl bipyridinium diperchlorate, N,N’-diphenyl bipyrid-
inium ditetrafluoroborate, N,N’-diphenyl bipyridinium dihexafluorophosphate; anthraquinone compounds such as 2-ethyl-
anthraquinone, 2-t-butylanthraquinone, and octamethylanthraquinone; ferrocenium salt compounds such as ferrocenium
tetrafluoroborate and ferrocenium hexafluorophosphate; and styryl compounds.

[0042] By extracting and analyzing the compound contained in the EC layer 7 by a publicly known method, it can be
confirmed whether the compound is contained in the EC device. For example, extraction is performed by chromatography
and analysis is performed by NMR. When the electrochromic layer is solid, analysis can be performed by, for example,
TOF-SIMS.

[0043] Hereafter, an EC organic compound that can reduce a change in absorption spectrum due to the difference in
ambient temperature will be described. The EC organic compound that can reduce a change in absorption spectrum
due to the difference in ambient temperature may have a structure represented by general formula (2) below. The organic
compound represented by the general formula (2) below is a viologen derivative, which is one of bipyridine derivatives.

[Chem. 2]
R11R18 R17 R16
X4—N& H— HN-Xp
R12R13R14R15
A” Ay (2)

[0044] In the general formula (2), Ry to R4 are each independently selected from a hydrogen atom, an alkyl group
optionally having a substituent, an alkoxy group optionally having a substituent, an aryl group optionally having a sub-
stituent, a heterocyclic group optionally having a substituent, a halogen atom, and P(O)R,5. Substituents of R4 to Ryg
may form a fused ring. Substituents of R4 and R4g or R47 and R4g form a fused ring. If R4g represents P(O)R,3, R4g
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bonds to Ry, to form a fused ring. R,5 represents an aryl group optionally having a substituent.

[0045] X, and X, are each independently selected from an alkyl group optionally having a substituent, an aryl group
optionally having a substituent, and an aralkyl group optionally having a substituent. A;~ and A,™ each independently
represent a monovalent anion.

[0046] The alkyl group represented by R4 to Ryg and X; and X, preferably has 1 to 8 carbon atoms and may be a
linear, branched, or cyclic group. A hydrogen atom in the alkyl group may be substituted with a halogen atom, an ester
group, or a cyano group. When the hydrogen atom is substituted with a halogen atom, a fluorine atom is preferred.
[0047] Specific examples of the alkyl group include a methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, a t-butyl group, an octyl group, a cyclohexyl group, and a trifluoromethyl group. The alkyl group
may have a terminal adsorptive group with which the alkyl group adsorbs onto a porous electrode or an acid ester group
of the adsorptive group being selected from a carboxy group, a carboxylate group, a sulfonic acid group, a sulfonate
group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group. Furthermore, the alkyl group may
have, at its terminal, an ionic group selected from pyridinium or quinolinium to improve the solubility in an organic solvent.
[0048] The alkoxy group represented by R4 to R4g preferably has 1 to 8 carbon atoms and may be a linear, branched,
or cyclic group. Specific examples of the alkoxy group include a methoxy group, an ethoxy group, an isopropoxy group,
a t-butoxy group, an octoxy group, a cyclohexyloxy group, and a trifluoromethoxy group. A hydrogen atom in the alkoxy
group may be substituted with a halogen atom. When the hydrogen atom is substituted with a halogen atom, a fluorine
atom is preferred.

[0049] Examples of the aryl group represented by R44 to Ryg, X4 and X,, and Ro5 include a phenyl group, a biphenyl
group, a terphenyl group, a fluorenyl group, a naphthyl group, a fluoranthenyl group, an anthryl group, a phenanthryl
group, a pyrenyl group, a tetracenyl group, a pentacenyl group, a triphenylenyl group, and a perylenyl group.

[0050] When the aryl group has an alkyl group or an alkoxy group as a substituent, the alkyl group or the alkoxy group
may have a terminal adsorptive group with which the alkyl group or the alkoxy group adsorbs onto a porous electrode
or an acid ester group of the adsorptive group being selected from a carboxy group, a carboxylate group, a sulfonic acid
group, a sulfonate group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group. Furthermore, the
alkyl group or the alkoxy group that is a substituent of the aryl group may have, at its terminal, an ionic group selected
from pyridinium or quinolinium to improve the solubility in an organic solvent.

[0051] When the aryl group has a substituent, the substituent is at least one of a halogen atom, an alkyl group having
1 to 8 carbon atoms, and an alkoxy group having 1 to 8 carbon atoms.

[0052] Examples of the heterocyclic group represented by Ry to R;g and optionally having a substituent include a
thienyl group, a pyrrolyl group, a pyridyl group, an oxazolyl group, an oxadiazolyl group, a thiazolyl group, a thiadiazolyl
group, a terthienyl group, a quinolyl group, an isoquinolyl group, and a carbazolyl group.

[0053] When the heterocyclic group has a substituent, the substituent is at least one of an alkyl group having 1 to 8
carbon atoms and an alkoxy group having 1 to 8 carbon atoms.

[0054] Examples of the halogen atom represented by R4, to R,g include fluorine, chlorine, bromine, and iodine.
[0055] Examples of the aralkyl group represented by X, and X, include a benzyl group and a phenethyl group. The
aralkyl group may an alkyl group having 1 to 8 carbon atoms or an alkoxy group having 1 to 8 carbon atoms as a substituent.
[0056] When the aralkyl group has an alkyl group or an alkoxy group as a substituent, the alkyl group or the alkoxy
group may have a terminal adsorptive group with which the alkyl group or the alkoxy group adsorbs onto a porous
electrode or an acid ester group of the adsorptive group being selected from a carboxy group, a carboxylate group, a
sulfonic acid group, a sulfonate group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group.
Furthermore, the alkyl group or the alkoxy group that is a substituent of the aralkyl group may have, at its terminal, an
ionic group such as pyridinium or quinolinium to improve the solubility in an organic solvent.

[0057] A, and A,- may be the same or different and are selected from anions such as PFg", ClO4” BF 47, AsFg", SbFg
, CF38S057, and (CF3S0,),N- and halogen anions such as Br-, CI-, and I". A;~ and A, preferably represent PFg~, CIO,",
BF 4, CF3S0g5, or (CF3S0,),N-. A4~ and A,” more preferably represent the same anion.

[0058] A compound having high transparency.

[0059] The organic compound according to the present invention includes an organic compound represented by
general formula (1). The organic compound represented by the general formula (1) is an organic compound in which
substituents of R4z and R4g in the general formula (2) form a fused ring.
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(Chem. 3]
R11 Ras R22 R16
X4—N% H—( HN—Xo
R12R13R14R15
Al Ay (1)

[0060] In the general formula (1), the same substituents as those in the general formula (2) are designated by the
same symbols. In the general formula (1), Ry1 and R,, are each independently selected from a hydrogen atom, an alkyl
group optionally having a substituent, an aryl group optionally having a substituent, and an aralkyl group optionally having
a substituent.

[0061] Each of the alkyl groups represented by X, X5, Ry to R4, and Ry and Ry, preferably has 1 to 8 carbon atoms
and may be a linear, branched, or cyclic group. A hydrogen atom in the alkyl group may be substituted with a halogen
atom, an ester group, or a cyano group. When the hydrogen atom is substituted with a halogen atom, a fluorine atom
is preferred.

[0062] Specific examples of the alkyl group include a methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, a t-butyl group, an octyl group, a cyclohexyl group, and a trifluoromethyl group.

[0063] The alkylgroup may have aterminal adsorptive group with which the alkyl group adsorbs onto a porous electrode
or an acid ester group of the adsorptive group being selected from a carboxy group, a carboxylate group, a sulfonic acid
group, a sulfonate group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group.

[0064] Furthermore, the alkyl group may have, at its terminal, an ionic group being selected from pyridinium or quin-
olinium to improve the solubility in an organic solvent.

[0065] Examples ofthe aryl group represented by X;, X5, R11to R4, and R, and R,, and optionally having a substituent
include a phenyl group, a biphenyl group, a terphenyl group, a fluorenyl group, a naphthyl group, a fluorantheny! group,
an anthryl group, a phenanthryl group, a pyrenyl group, a tetracenyl group, a pentacenyl group, a triphenylenyl group,
and a perylenyl group.

[0066] When the aryl group has a substituent, the substituent is at least one of a halogen atom, an alkyl group having
1 to 8 carbon atoms, and an alkoxy group having 1 to 8 carbon atoms. When the aryl group has an alkyl group or an
alkoxy group as a substituent, the alkyl group or the alkoxy group may have a terminal adsorptive group with which the
alkyl group or the alkoxy group adsorbs onto a porous electrode or an acid ester group of the adsorptive group being
selected from a carboxy group, a carboxylate group, a sulfonic acid group, a sulfonate group, a phosphonic acid group,
a phosphonate group, and a trialkoxysilyl group. Furthermore, the alkyl group or the alkoxy group that is a substituent
of the aryl group may have, at its terminal, an ionic group being selected from pyridinium or quinolinium to improve the
solubility in an organic solvent.

[0067] Examples of the aralkyl group represented by X;, X,, Ry, and R,, and optionally having a substituent include
a benzyl group and a phenethyl group. The aralkyl group may have an alkyl group having 1 to 8 carbon atoms or an
alkoxy group having 1 to 8 carbon atoms as a substituent.

[0068] When the aralkyl group has an alkyl group or an alkoxy group as a substituent, the alkyl group or the alkoxy
group may have a terminal adsorptive group with which the alkyl group or the alkoxy group adsorbs onto a porous
electrode or an acid ester group of the adsorptive group being selected from a carboxy group, a carboxylate group, a
sulfonic acid group, a sulfonate group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group.
Furthermore, the alkyl group or the alkoxy group that is a substituent of the aralkyl group may have, at its terminal, an
ionic group selected from pyridinium or quinolinium to improve the solubility in an organic solvent.

[0069] The method for producing the organic compound represented by the general formula (1) is not particularly
limited. For example, the organic compound can be produced by the following method. In the case where X4 and X,
represent an alkyl group or an aralkyl group, the compound represented by the general formula (1) can be produced by
reacting an organic compound represented by general formula (6) and a halide in a particular solvent and then performing,
in a particular solvent, an anion exchange reaction with a salt containing a desired anion. In the case where X; and X,
represent an aryl group, first, 2,4-dinitrophenyl-2,7’-diazafluorenium is synthesized through a reaction with a 2,4-dini-
trophenyl halide. Then, a reaction with an aryl amine is performed and an anion exchange reaction is performed with a
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salt containing an anion in a particular solvent to obtain the compound represented by the general formula (1). An imine

on only one side can be caused to react by selecting a solvent and a reaction temperature. By repeatedly performing
the reaction, different substituents can be introduced to two imines.

[Chem. 4]

R
R14 21 Roo Rig

N/_\ \_/N

R12 R13R14 R15
(6)

[0070] The method for producing the organic compound represented by the above general formula (6) is not particularly
limited. For example, the organic compound can be produced by the following method.

[0071] In the synthesis route, Ry4 to Ry and R, and R,, represent the same substituents as those in the general
formula (1), and X represents a halogen atom.

[0072] An intermediate 1 can be synthesized with reference to Angew. Chem. Int. Ed. 2007, 46, 198.

[Chem. 5]

Ri1 Rm KMnO4 Ris Ris KOt-Bu Ryt &R Res

N/ \N___., N S0 \ __NHNH, / < 7y Rk RapX, R21x 22x VAYAY
= Dlethyleneglycol

RizR13R1 Rz R12 Rme Ris R1z2R13R14Ry5 RizR13R14Rss

Intermediate 1 Intermediate 2 Intermediate 3 Intermediate 4

[0073] The specific structural formulae of the organic compound represented by the general formula (1) will be shown
below by example.
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[Chem.

6]
“N:"Q»_\Q\E;Nm 2PFg™ ~N(4_\>>-<—<\“-¢,:Nm 2BF4” C2H5-N:4-_\§\_47:N- 2B
A-1 A-2 A-3
CoHg—N% \ﬁﬁgw—cm 2CF4505 C7H15—N:4m\>>—<<{37;m—cm15 2CF3S03"

A-4 A-5
0 0 0 0
MeD OMe MeO OMe
- 2B _ 2PFs™
A-6 A-T
CoHs CoHz FaC CF3
CQH5--N:4_\§@;N-—02H5 2(CF3S0g)N™  CoHs—N% \>>—<<{‘+,;N-~CQH5 20104
A-8 A-9
CsHs CsHz CaHy
Crks =N \é@‘m—oﬁw 2CF3805 —N:/-«-_\é\"fyﬁm— OBF4
A=10 A-11
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QNi‘r_,\ﬁ\—viN-Csz 20F3805™ @‘N:“f‘;\é\—%l‘l—(}ﬁ% 2CF3805"

A-14 A-15
—~ 3N \ﬁ\“ﬁgN—cmﬁ 2CF3805" @N:&_ \>>—<<\“:;;:N—C4H9 2BF;
A-16 A-17
-@N?ﬂf_ \é\}:m»-csHﬂ 20104 @Niﬁ_\ﬁﬁm—cmﬁ 2CF3S05™
A-18 A-19
Me0~_H-N/e \>>—<<\—7:N-67H15 2BFs N:A,__\>>_<<\‘:7:N_C7H15 PFs
A-20 A-21
CoHs  CoHs
F—@-N%N—CGHQ 2r Fm@wmrﬂ—%g I Br
A-22 A-23
NG CN
Q i CrHis,CrHis
L= 2PF; oy )
N e N\ /N C7H15 N-*; & +7N C7H»§5 2CF3803
A-24 A-25
[Chem. 8]
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QN@_\QGEN@ 2BF4” —@Ni‘*_‘ﬁﬁfir\l@ 2CF5505"

A-26

A-27

@Ni&‘é&if@@ 2(CF5807)oN" chszS'@_\ﬁ{l,%chsz; 20F 5305
A-28

CqHo—N% D—( +N—CsHg 2BF4

MeO A=30

CoHz—N% & HN—CgHyz 2BF4

A-32

HO3S —
3

A-34

N N N 2Br
T N “\—POgH

2
A-36

[Chem.

2Br-

13

F A-20 F

CeH1z..CeHis

Calo —N;*Z%N-C;;Hg 20104

A-31

\ HN—CioHp1 2BFy

A-33

HOOC—\_NE\%N_\—CDO o

A-35
A=37
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CrH15— N:‘{**_\ﬁﬁy:f‘l— CrH1s

2{CF3S02)N™
A-38

¢ N—CaHe- N:ff«~_\>>—<<\'§;,:N

4(CF3802)2N”
A-39

—CaHe—Ng )

Fgc—cha—N(A_\ﬁﬁm—w@—ca

2(CF3S02)oN”
A-40

0

0
il =9 1
CoHs0— FID—CgHg-—N:’;_\é\ +N—CsHg— P=0CsHs

OCoHs 2PFs
A-41

OCoHs

& Nia__\}>—<<\“’37:N—ceH12»N@

4{CF3S0,)sN™
A-42

Os /‘@NC\QEN

/ "OC H
CoHs0 25 20F3503°
A-43

[0074] The organic compound represented by the general formula (2) includes an organic compound represented by
general formula (3). The organic compound represented by the general formula (3) is an organic compound in which

OCQHs

Q_/ \OCQHS

substituents of R4y and R4z in the general formula (2) form a fused ring.
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R12R13  RusRis
A Ay (3)

[0075] Herein, in the general formula (3), the same substituents as those in the general formula (2) are designated by
the same symbols. In the general formula (3), Ry, to Ry7 are each independently selected from the same substituents
as those in Rq¢ to R4g. Note that substituents of R4g and R4; may form a fused ring.

[0076] The method for producing the organic compound represented by the general formula (3) is not particularly
limited. For example, the organic compound can be produced by the following method. In the case where X, and X,
represent an alkyl group or an aralkyl group in the general formula (3), the organic compound can be produced by
reacting a corresponding diimine derivative (2,7-diazafluorene, 4-pyridyl-(4-quinoline), or 4,4’-biquinoline) and a halide
in a particular solvent and then performing, in a particular solvent, an anion exchange reaction with a salt containing a
desired anion.

[0077] In the case where X4 and X, represent an aryl group, a 2,4-dinitrophenyl-yl-diimine derivative is synthesized
through a reaction with a 2,4-dinitrophenyl halide. Then, a reaction with an aryl amine is performed and an anion exchange
reaction is performed with a salt containing an anion in a particular solvent. An imine on only one side can be caused
to react by selecting a solvent and a reaction temperature. By repeatedly performing the reaction, different substituents
can be introduced to two imines.

[0078] The specific structural formulae of the organic compound represented by the general formula (3) will be shown
below by example.

[Chem. 11]
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0
?—OMe
N’Q@N

9@9

MeO 2PFg” 2(CF3809)9N
0 B-1 B-2
—N@—@N— C7H15—N©—8N—C7H15
2CF3805° 2BF4
B-3 B-4
CoHs NI~ ) CQH5~N©—8N—CQH5
2CI04” 2CF3503
B-5 B-6
F
CoHs—NZ& ) yN-CoHs 7
2CF3507 2{CF3S809)5N"

B-7 B-8
CQHs—N!4~_\;—:\—7!N—CzH5 NN )
2CF3507 2BF4”

B-9 B-10

[0079] The organic compound represented by the general formula (2) includes an organic compound represented by
general formula (4). The organic compound represented by the general formula (4) is an organic compound in which
substituents of Ry7 and R4g in the general formula (2) form a fused ring. Specifically, R4g representing P(O)R,3 bonds
to R47 to form a fused ring.
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R12R13R14R15
A1 Ay (4)

[0080] Herein, in the general formula (4), the same substituents as those in the general formula (2) are designated by
the same symbols.

[0081] The method for producing the organic compound represented by the general formula (4) is not particularly
limited. For example, the organic compound can be synthesized with reference to Non Patent Literature such as Angew.
Chem. Int. Ed. 2011, 50, 7948 or J. Am. Chem. Soc. 2015, 137, 3366.

[0082] The specific structural formulae of the organic compound represented by the general formula (4) will be shown
below by example.

[Chem. 13]
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0,0

0,

7

§ N

C-2

0,0
NS gor.

0
P

C-5

O

HN—  2CF3805”
1

“’j 2PFs”

2CF3803

2CF3803"

[0083] In addition to the organic compound that is represented by the general formula (2) and has a 4,4’-bipyridine
skeleton, for example, an organic compound that is represented by general formula (5) and has a 2,2’-bipyridine skeleton

may be contained as a cathodic EC material.

C-6
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[Chem. 14]

R33R34R35 Ras

(5)

[0084] In the general formula (5), R34 to R3g each independently represent a hydrogen atom, an alkyl group optionally
having a substituent, or an aryl group optionally having a substituent; substituents of R34 to R3g may form a fused ring;
n represents an integer of 1 or 2; and A5~ and A,~ each independently represent a monovalent anion.

[0085] The alkyl group represented by R34 to R3g and optionally having a substituent preferably has 1 to 8 carbon
atoms and may be a linear, branched, or cyclic group. The hydrogen atom may be substituted with a fluorine atom.
Alternatively, a carbon atom in the alkyl group may be substituted with an ester group or a cyano group.

[0086] Specific examples of the alkyl group include a methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, a t-butyl group, an octyl group, a cyclohexyl group, and a trifluoromethyl group. The alkyl group
may have a terminal adsorptive group with which the alkyl group adsorbs onto a porous electrode. Specific examples
of the adsorptive group include a carboxy group, a sulfonic acid group, a phosphonic acid group, a phosphoric acid
group, and a trialkoxysilyl group.

[0087] Examples of the aryl group represented by R34 to R3g and optionally having a substituent include a phenyl
group, a biphenyl group, a terphenyl group, a fluorenyl group, a naphthyl group, a fluoranthenyl group, an anthryl group,
a phenanthryl group, a pyrenyl group, a tetracenyl group, a pentacenyl group, a triphenylenyl group, and a perylenyl
group. When the aryl group has a substituent, the substituent may be at least one of a halogen atom, an alkyl group
having 1 to 8 carbon atoms, and an alkoxy group having 1 to 8 carbon atoms.

[0088] Aj and A, may be the same or different and are selected from anions such as PFg", ClO,, BF ", AsFg", SbFg
, CF38057, and (CF3S0,),N- and halogen anions such as Br-, CI-, and I-. A3~ and A, preferably represent PFg-, CIO,4-,
BF,-, CF3S0y, or (CF3S0,),N-. A3~ and A4~ more preferably represent the same anion.

[0089] The method for producing the organic compound represented by the general formula (5) is not particularly
limited. For example, the organic compound can be produced by reacting a 2,2’-bipyridine derivative or a 1,10-phenan-
throline derivative with dibromoethane or dibromopropane and then performing, in a particular solvent, an anion exchange
reaction with a salt containing a desired anion.

[0090] The specific structural formulae of the organic compound represented by the general formula (5) will be shown
below by example.

[Chem. 15]
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[0091] When the EC layer 7 contains another EC organic compound in addition to the organic compound represented
by the general formula (1), the other EC organic compound is preferably a phenazine compound, a ferrocene compound,
a metallocene compound, a phenylenediamine compound, or a pyrazoline compound. The organic compounds by the
general formulae (2) to (5) may be further contained as the other EC organic compound.

[Spectral characteristics]

[0092] The EC device 1 according to this embodiment satisfies formula (1) and preferably satisfies formula (2) in the
wavelength range of 450 nm or more and 650 nm or less.

[0093] Herein, the absorbance f1(m) is a value obtained by normalizing the absorbance of an EC layer 7 in a colored
state at an ambient temperature of 0°C at any wavelength m in the range of 450 nm or more and 650 nm or less with
respect to the absorbance at a wavelength n at which a bipyridine derivative exhibits radical absorption. The absorbance
f2(m) is a value obtained by normalizing the absorbance of an EC layer 7 in a colored state at an ambient temperature
of 80°C at the wavelength m with respect to the absorbance at the wavelength n. The absorbances f1(m) and f2(m) can
each be a value at any wavelength m in a spectrum obtained by normalizing the absorption spectrum of the EC layer 7
colored as a result of driving of the EC device 1 with respect to the absorbance at the wavelength n. The absorbances
f1(m) and f2(m) may also each be a value obtained by normalizing the absorbance at any wavelength m with respect
to the absorbance at the wavelength n.

0.6 < f2(m)/fl(m) < 1.4 (1)
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0.8 < f2(m)/fl(m) < 1.2 (2)

[0094] The absorbance ratio f2(m)/fl(m) refers to a difference in the absorbance of the EC layer 7 at different ambient
temperatures. When the absorbance ratio f2(m)/f1(m) is 1, the intensity ratio is constant regardless of the ambient
temperature. The deviation of the absorbance ratio f2(m)/f1(m) from 1 increases a change in the shape of the absorption
spectrum of the EC device due to the ambient temperature.

[0095] In this specification, the "ambient temperature" generally refers to a temperature of the EC device itself. More
specifically, the "ambient temperature" refers to a temperature of the substrate surface of the EC device during the
measurement of absorption spectrum, the temperature being measured with a thermocouple or a thermal radiometer.
The absorbances f1(m) and f2(m) are absorbances obtained when the ambient temperatures are 0°C and 80°C, re-
spectively. Alternatively, the "ambient temperature" refers to a temperature at which the EC device is left to stand in a
temperature-controlled chamber such as a constanttemperature oven for a sufficiently long time and thus the temperature
of the EC device reaches an equilibrium state. The absorbances f1(m) and f2(m) are absorbances obtained when the
ambient temperatures are 0°C and 80°C, respectively.

[0096] The EC device 1 according to this embodiment that satisfies the formula (1) has only a small change in the
absorption spectrum in a colored state due to the ambient temperature. Therefore, the change in the absorption spectrum
due to an ambient temperature at which the EC device 1 is driven can be reduced compared with the related art.
[0097] It is sufficient that the produced EC device 1 has temperature characteristics that satisfy the formula (1) and
preferably satisfy the formula (2). However, it is desirable that the organic compound that satisfies the formula (1) and
preferably satisfies the formula (2) be used for the EC layer 7.

[0098] The organic compounds according to this embodiment represented by the general formulae (1) to (5) are EC
compounds that are colored in a reduction state. The EC compounds have only a small change in color in a colored
state of the EC compounds due to the operating temperature, that is, the ambient temperature. In other words, even if
the temperature changes, the organic compounds according to this embodiment have no change or only a small change
in a wavelength at which the transmittance is decreased in a reduction state.

[0099] It is believed that a change in the wavelength of radical absorption due to temperature change is caused by
association of radical molecules. Thatis, it is believed that n-n stacking of aromatic sites of radical molecules considerably
contributes to the change. Ifthe materials form an associate, the absorption of monomers and the absorption of associates
are superimposed in the absorption spectrum. Since ease of formation of associates is dependent on the temperature,
the ratio of the absorption of monomers and the absorption of associates changes with the ambient temperature.
[0100] As a result of studies conducted by the present inventors, they have found that the bipyridine derivatives
represented by the general formulae (1) to (5) do not easily form an associate even if the ambient temperature changes
and thus the form of monomer is relatively easily maintained. In the organic compound represented by the general
formula (2), adjacent substituents such as R44 and Rg or R4z and Rg bond to each other to form a fused ring, and such
a structure contributes to suppressing the formation of an associate of the bipyridine derivative.

[0101] Inotherwords, since the organic compounds represented by the general formulae (1) to (5) have lower molecular
symmetry than bipyridinium and known viologen derivatives, the occurrence of association is believed to be suppressed
compared with the related art. Specifically, the bipyridine derivative represented by the general formula (1) is contained
in the electrochromic layer of the electrochromic device of claim 7, a compound in which the substituents Ry4 and Ry,
project in a vertical direction with respect to the aromatic site of a radical molecule and thus the occurrence of association
is believed to be further suppressed. Therefore, the substituents R,4 and Ry, more preferably represent an alkyl group,
an aryl group, or an aralkyl group.

[0102] In this specification, the phrase "have only a small change in color in a colored state" is desirably a state that
satisfies the formula (1) or the formula (2). Furthermore, the maximum absorption wavelength of an organic compound
colored in a reduction state desirably does not change at 0°C and 80°C. If the maximum wavelength does not change,
the change in color of radical absorption is small. However, if another maximum wavelength is observed or the maximum
wavelength is shifted, the change in color of radical absorption is large.

[0103] In the EC device 1 according to this embodiment, as described above, the change in the absorption spectrum
of the EC device due to a change in the ambient temperature at which the EC device is driven can be reduced compared
with the related art by using, as an EC compound, an organic compound having only a small change in absorption
spectrum due to the change in the ambient temperature. That is, according to the EC device 1, the change in absorption
spectrum in a colored state due to a change in the ambient temperature can be reduced, which can reduce a change
in color when the EC device 1 is driven. In other words, according to the EC device 1, an EC device whose temperature
dependence is small can be provided.
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(Second embodiment)

[0104] Fig. 2 schematically illustrates an example of a configuration of an electrochromic apparatus 20 (hereafter
referred to as an "EC apparatus 20") according to this embodiment. The EC apparatus 20 according to this embodiment
includes the EC device 1 according to the first embodiment and driving means for driving the EC device 1.

[0105] The driving means is means for controlling the transmittance of the EC device 1 using pulse width modulation
and includes a driving power supply 8, a resistor switch 9, and a controller 10. The driving means is configured to maintain
the transmittance of the EC device without changing the peak value of a pulse voltage waveform and control the trans-
mittance of the EC device 1 by changing the ratio (duty ratio) of the duration of voltage applied relative to a single period
of the pulse voltage waveform.

[0106] The driving power supply 8 is configured to apply a voltage (driving voltage V1) required to cause an electro-
chemical reaction of an EC material to the EC device 1. When the EC layer 7 contains a plurality of EC materials as in
the case of the EC device 1 according to this embodiment, the absorption spectrum sometimes changes because of
difference in oxidation-reduction potential between the EC materials or difference in molar absorption coefficient between
the EC materials. Therefore, the driving voltage V1 is preferably constant. The start of voltage application and the holding
of voltage applied in the driving power supply 8 is conducted in response to the signals from the controller 10. In this
embodiment, a constant voltage is applied while the light transmittance of the EC device 1 is controlled.

[0107] The resistor switch 9 is configured to interchangeably connect, in series, a resistor R1 or a resistor R2 having
higher resistance than the resistor R1 in a closed circuit including the driving power supply 8 and the EC device 1. The
resistance of the resistor R1 is preferably at least smaller than the highest impedance in the closed circuit of the device,
preferably 10 Q or less. The resistance of the resistor R2 is preferably larger than the highest impedance in the closed
circuit of the device, preferably 1 MQ or more. The resistor R2 may be air. In this case, the closed circuit is an open
circuitin a strict sense. However, this circuit can be considered to be a closed circuit when air is regarded as the resistor R2.
[0108] The controller 10 is configured to transmit switching signals to the resistor switch 9 to control switching of the
resistor R1 and the resistor R2. When the resistor R1 is connected, a coloring reaction occurs in the EC device. When
the resistor R2 is connected, a coloring reaction does not occur in the EC device. While the resistor R2 is connected,
the EC material undergoes self-decoloration. This self-decoloration phenomenon occurs because of, for example, the
instability of radical species of EC materials generated through the coloring reaction, the diffusion of the radical species
into a counter electrode having a different potential, and the collision of the radical species of an anode material and the
radical species of a cathode material in a solution.

[0109] The absorbance is maintained when the coloring amount and the self-decoloration amount are in balance.
When the organic EC device is driven at a constant voltage from the driving power supply without changing the duty
ratio, the change in absorbance is saturated via a transient state and the saturated absorbance is maintained. To
decrease the absorbance, it is sufficient that the duty ratio is set to a duty ratio smaller than the immediately previous
duty ratio. To increase the absorbance, it is sufficient that the duty ratio is set to a duty ratio larger than the immediately
previous duty ratio. Herein, when one period of control signals is long, an increase or decrease in absorbance may be
visually observed. Therefore, one period is preferably 100 milliseconds or less and more preferably 10 milliseconds or less.
[0110] The above-described driving method is merely one embodiment. For example, a method in which the peak
value of voltage is changed, a method in which the erasing voltage is applied when the resistor R2 is connected, or a
method in which a short-circuit is caused when the resistor R is connected can be appropriately employed.

[0111] The EC apparatus 20 according to this embodiment includes the EC device 1 according to the first embodiment
that satisfies the formula (1) or the formula (2). Therefore, in the EC apparatus 20 according to this embodiment, the
change in absorption spectrum due to the change in the ambient temperature at which the EC apparatus 20 is driven
can be reduced compared with the related art. That is, an EC apparatus whose temperature dependence is low can be
provided.

(Third embodiment)

[0112] In this embodiment, the case where the EC device 1 according to the first embodiment is used as an optical
filter. The optical filter according to this embodiment includes the EC device 1 according to the first embodiment. The
optical filter according to this embodiment preferably includes driving means for driving the EC device. For example, the
EC apparatus according to the second embodiment can be used as an optical filter and peripheral devices may be
further included.

[0113] The optical filter according to this embodiment also includes an active device connected to the EC device. The
active device is configured to drive the EC device 1 to control the amount of light that passes through the EC device 1.
Examples of the active device include transistors and MIM devices. The transistor may include an oxide semiconductor
such as InGaZnO in an active region. The active device may be directly connected to the EC device 1 or may be indirectly
connected to the EC device 1 via another device.
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[0114] The optical filter may be used for image pickup apparatuses such as cameras. When the optical filter is used
for image pickup apparatuses, the optical filter may be disposed on a main body of an image pickup apparatus or a lens
unit. Hereafter, the case where the optical filter is used as a neutral density (ND) filter will be described.

[0115] The neutral density filter is subjected to black absorption and therefore flat absorption is required across the
entire visible region. The organic EC material exhibits absorption peaks in the visible region. To achieve black absorption
using the organic EC material, the absorption is preferably designed so that flat absorption is achieved in the visible
region and black absorption is achieved as a result of the sum of absorption of each EC material by mixing a plurality
of materials having different absorption regions in the visible region. The absorption spectrum of a mixture of the organic
EC materials is expressed as the sum of absorption spectra of the materials. Therefore, the black absorption can be
achieved by selecting a plurality of materials having appropriate wavelength ranges and controlling the concentrations
of the materials.

[0116] In general, one low-molecular-weight organic EC material can cover a wavelength range of 100 nm to 200 nm.
To cover the entire visible region of 380 nm to 750 nm, at least three organic EC materials are preferably used. For
example, three or more anode EC materials, three or more cathode EC materials, or two or more anode EC materials
and two or more cathode EC materials are preferably used as the organic EC materials.

[0117] A driving example of the case where the optical filter according to this embodiment is used as a neutral density
(ND) filter will be described. In general, the neutral density (ND) filter controls the amount of light to 1/2" (n: integer). In
the case of 1/2, the transmittance decreases from 100% to 50%. In the case of 1/4, the transmittance decreases from
100% to 25%. When the transmittance is multiplied by 1/2, the amount of change in absorbance is 0.3 from the relationship
-LOG(transmittance) = (absorbance). When the transmittance is multiplied by 1/4, the amount of change in absorbance
is 0.6. Therefore, for example, to reduce the amount of light from 1/2 to 1/64, the amount of change in absorbance is
controlled from 0 to 1.8 in increments of 0.3.

[0118] Whenthe EC layer is in the form of solution, the coloring amount may change because of fluctuation. Therefore,
an external monitor for measuring the amount of light may be provided to perform more precise control.

[0119] The optical filter according to this embodiment includes the EC device 1 according to the first embodiment that
satisfies the formula (1) or the formula (2). Therefore, in the optical filter according to this embodiment, the change in
absorption spectrum due to the change in the ambient temperature at which the EC device is driven can be reduced
compared with the related art. That is, an optical filter whose temperature dependence is low can be provided.

[0120] Furthermore, by using, as a light-controlling member, the optical filter including an organic EC device as in this
embodiment, the amount of light controlled can be appropriately changed with a single filter, which advantageously
decreases the number of parts and saves space.

(Fourth embodiment)

[0121] Inthis embodiment, animage pickup apparatus 100 including the EC device 1 according to the first embodiment
will be described with reference to Fig. 4(a). Fig. 4(a) schematically illustrates an example of a structure of an image
pickup apparatus 100 according to this embodiment.

[0122] The image pickup apparatus 100 is an image pickup apparatus including a lens unit 102 and an image pickup
unit 103. The image pickup apparatus according to this embodiment is, for example, a digital camera or a digital video
camera. An optical filter included in the image pickup apparatus according to this embodiment may be disposed imme-
diately in front of an image pickup element. The phrase "immediately in front of an image pickup element" means that
there is no member disposed between the image pickup element and the optical filter. When the image pickup apparatus
includes a lens, an optical filter may be disposed on the outer side of the lens. The phrase "an optical filter is disposed
on the outer side of the lens" means that an optical filter is disposed such that a lens is disposed between the optical
filter and the image pickup element. When the image pickup apparatus includes a plurality of lenses, an optical filter
may be disposed between the lenses.

[0123] The lens unit 102 is a rear-focusing zoom lens, and focusing is performed after the diaphragm. The lens unit
102 includes an optical filter 101 and an image pickup optical system including a plurality of lenses or lens groups. The
optical filter 101 is the optical filter according to the third embodiment. The optical filter 101 may be disposed such that
light having passed through the optical filter 101 passes through the image pickup optical system or such that light having
passed through the image pickup optical system passes through the optical filter. The optical filter 101 may be disposed
on the image pickup element side relative to the lens or on the object side relative to the lens. The lens unit 102 is
detachably connected to the image pickup unit 103 via a mount member (not illustrated).

[0124] The lens unit 102 includes the optical filter 101 and four lens groups constituted by a first lens group 104 having
a positive refractive power, a second lens group 105 having a negative refractive power, a third lens group 106 having
a positive refractive power, and a fourth lens group 107 having a positive refractive power disposed in this order from
the subject (object). The distance between the second lens group 105 and the third lens group 106 is changed for varying
the magnification. The movement of part of the fourth lens group 107 brings the subject into focus. The lens unit 102
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includes, for example, an aperture stop 108 between the second lens group 105 and the third lens group 106 and the
optical filter 101 between the third lens group 106 and the fourth lens group 107. Light passing through the lens unit 102
passes through each of the lens groups 104 to 107, the aperture stop 108, and the optical filter 101. The amount of light
can be controlled by using the aperture stop 108 and the optical filter 101.

[0125] Theimage pickup unit 103 includes a glass block 109 and a light-receiving element (image pickup element) 110.
[0126] The glass block 109 is a glass block such as a low-pass filter, a phase plate, or a color filter.

[0127] The light-receiving element 110 is a sensing section configured to receive light that has passed through the
lens unit 102 and can be an image pickup element such as a CCD or a CMOS. The light-receiving element 110 may be
a photosensor such as a photodiode. An element configured to acquire and output information on the intensity or
wavelength of light can be optionally used.

[0128] In this embodiment, the optical filter 101 is disposed between the third lens group 106 and the fourth lens group
107 in the lens unit 102, but the image pickup apparatus 100 is not limited to this structure. For example, the optical
filter 101 may be disposed in front of (on the subject side of) or behind (on the image pickup unit 103 side of) the aperture
stop 108. Alternatively, the optical filter 101 may be disposed in front of or behind any of the first to fourth lens groups
104 to 107 or may be disposed between the lens groups. When the optical filter 101 is disposed at a position of conver-
gence, the area of the optical filter 101 can be decreased.

[0129] The structure of the lens unit 102 is also not limited to the above structure. For example, instead of the rear-
focusing system, an inner-focusing system in which focusing is performed before the diaphragm or another system may
be employed. Instead of the zoom lens, a special lens such as a fisheye lens or a macro lens can be optionally selected.
[0130] Furthermore, in this embodiment, the EC device 1 of the optical filter 101 according to the third embodiment
and a driving device are disposed inside the lens unit 102. However, the image pickup apparatus 100 according to this
embodiment is not limited thereto. The EC device 1 of the optical filter 101 may be present inside the lens unit and the
driving device for the EC device may be disposed outside the lens unit 102, that is, in the image pickup unit 103. When
the driving device is disposed outside the lens unit 102, the EC device 1 inside the lens unit 102 and the driving means
outside the lens unit 102 are connected to each other through wiring to control the driving.

[0131] In the above-described structure of the image pickup apparatus 100, the optical filter 101 is disposed inside
the lens unit 102, but is not limited thereto. As illustrated in Fig. 4(b), the image pickup unit 103 may include the optical
filter 101. In Fig. 4(b), the optical filter 101 is disposed immediately in front of the light-receiving device 110. Any structure
other than the above structures can be employed as long as the optical filter 101 is disposed at an appropriate position
inside the image pickup unit 103 and the light-receiving device 110 is disposed so as to receive light that has passed
through the optical filter 101. The optical filter 101 may be disposed at a position other than the position between the
light-receiving device 110 and the glass block 109.

[0132] When the optical filter 101 is incorporated in the image pickup unit 103, the lens unit 102 itself connected to
the image pickup unit 103 does not necessarily include the optical filter 101. Therefore, an image pickup apparatus
capable of controlling light can be provided using a known lens unit.

[0133] The image pickup apparatus 100 according to this embodiment is applicable to products having a combination
of the control of the amount of light and a light-receiving device. Examples of the products include cameras, digital
cameras, video cameras, digital video cameras, and products including an image pickup apparatus therein, such as
cellular phones, smart phones, PCs, and tablets.

[0134] Theimage pickup apparatus 100 according to this embodiment includes an optical filter including the EC device
1 according to the first embodiment that satisfies the formula (1) or the formula (2). Therefore, in the image pickup
apparatus 100 according to this embodiment, the change in the absorption spectrum due to the change in the ambient
temperature at which the EC device is driven can be reduced compared with the related art. That is, an image pickup
apparatus whose temperature dependence is low can be provided.

[0135] In the image pickup apparatus 100 according to this embodiment, by using the optical filter 101 as a light-
controlling member, the amount of light controlled can be appropriately changed with a single filter, which advantageously
decreases the number of parts and saves space.

(Fifth embodiment)

[0136] In this embodiment, a window member 111 that uses the EC device 1 according to the first embodiment will
be described with reference to Fig. 5. Fig. 5(a) is a perspective view illustrating a window member 111 according to this
embodiment and Fig. 5(b) is a sectional view taken along line X-X" in Fig. 5(a).

[0137] The window member 111 according to this embodiment is a light-controlling window. The window member 111
includes the EC device 1, transparent sheets 113 that sandwich the EC device 1, and a frame 112 that surrounds the
entirety in an integrated manner.

[0138] The window member 111 preferably includes driving means (not illustrated) for driving the EC device. For
example, the EC apparatus according to the first embodiment can be used as a window member. In the window member
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111, the EC device 1 and the driving means may be disposed inside the frame 112. Alternatively, the driving means
may be disposed outside the frame 112 and connected to the EC device 1 inside the frame 112 through wiring.

[0139] The transparent sheets 113 may be made of any material having high light transmittance. In consideration of
use as a window, a glass material is preferably used. In the window member 111 according to this embodiment, the EC
device 1 is a member independent of the transparent sheets 113. However, for example, the substrates 2 and 6 of the
EC device 1 may be regarded as the transparent sheets 113.

[0140] The frame 112 is made of any material and covers at least part of the EC device 1.

[0141] The light-controlling window that uses the window member 111 according to this embodiment can be applied
to, for example, controlling the amount of sunlight that enters a room during the daytime. In addition to controlling the
amount of sunlight, the light-controlling window can be applied to controlling the amount of heat and thus can also be
used for controlling the brightness and temperature in a room. The light-controlling window can also be used as a shutter
for preventing view from the outdoors to a room. In addition to glass windows for buildings, the window member 111
can be applied to windows for vehicles such as automobiles, trains, airplanes, and ships, filters of display surfaces of
clocks and cellular phones, and rearview mirrors for automobiles and the like.

[0142] The window member 111 according to this embodiment includes the EC device 1 according to the first embod-
iment that satisfies the formula (1) or the formula (2). Therefore, in the window member 111 according to this embodiment,
the change in the absorption spectrum due to the change in the ambient temperature at which the EC device is driven
can be reduced compared with the related art. That is, a window member whose temperature dependence is low can
be provided.

EXAMPLES
(Example 1)

[Synthesis of example compound A-6]

[0143]
[Chem. 16]
C§ 23 Kb g C NH,NH Ko
R KOH 7N 2N C\Q} e N N
N0 Diethyleneglycol Diethyleneglycol = _N DMF N N
Intermediate 11 Intermediate 12 Intermediate 13 Intermediate 14

[0144] An intermediate 11 (13 g, 72 mmol) synthesized with reference to Angew. Chem. Int. Ed. 2007, 46, 198,
potassium hydroxide (85%) (13.6 g, 240 mmol), and distilled water (100 mL) were charged into a reaction vessel and
heated at a bath temperature of 90°C. Separately, distilled water (250 mL) and potassium permanganate (34 g, 215
mmol) were charged into a reaction vessel and heated to 90°C to prepare a reddish purple solution. The solution was
added dropwise to the solution prepared in advance using a cannular over about 5 minutes. The resulting mixture was
heated under stirring at the same temperature for 1 hour. Then, a solid precipitated at an inner temperature of about
60°C was filtered out. The filtrate was extracted with chloroform, and the organic layers were combined, sequentially
washed with water and a saturated saline solution, dried, and concentrated to obtain a brown powder. The brown powder
was subjected to column purification (eluent:

chloroform/methanol = 20/1) to obtain a yellow solid intermediate 12 (1.2 g, yield 9%).

[0145] Theintermediate 12 (1.2 g, 6.6 mmol), diethylene glycol (12 mL), and hydrazine monohydrate (8.2 g, 163 mmol)
were charged into a reaction vessel and heated under stirring at 100°C for 12 hours. After the resulting dark reddish
suspension was left to cool, water was added to the suspension. The suspension was extracted with dichloromethane,
and the organic layers were combined, sequentially washed with water and a saturated saline solution, dried with
anhydrous sodium sulfate, and concentrated to obtain a dark yellow solid. The dark yellow solid was subjected to column
purification (eluent: ethyl acetate/methanol = 10/1) to obtain a yellowish brown solid intermediate 13 (0.7 g, yield 79%).
[0146] The intermediate 13 (0.7 g, 4 mmol) and N,N-dimethylformamide (5 mL) were charged into a reaction vessel
and cooled to 5°C in an ice bath. Potassium tert-butoxide (1 g, 9 mmol) was added to the resulting solution and stirred
at the same temperature for 30 minutes. Then, iodomethane (1.4 g, 10 mmol) diluted in N,N-dimethylformamide (5 mL)
was added dropwise thereto. After the mixture was stirred at the same temperature for 30 minutes, the cooling bath was
removed and the mixture was stirred at room temperature for 3 hours. The reddish brown suspension was added to a
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saturated sodium bicarbonate solution and extracted with ethyl acetate, and the organic layers were combined, sequen-
tially washed with water and a saturated saline solution, dried with anhydrous sodium sulfate, and concentrated to obtain
a dark yellow solid. The dark yellow solid was subjected to column purification (eluent: ethyl acetate/methanol = 10/1)
to obtain a beige solid intermediate 14 (0.2 g, yield 21%).

[0147] The intermediate 14 (98 mg, 0.5 mmol), methyl 4-(bromomethyl)benzoate (252 mg, 1.1 mmol), and 10 ml of
acetonitrile were charged into areaction vessel and stirred for 8 hours while being refluxed under heating. After completion
of the reaction, the precipitated crystal was filtered and washed with acetonitrile to obtain 295 mg (yield: 90%) of an
example compound A-6.

[0148] The structure of this compound was determined by NMR measurement.

TH NMR (D,0, 500 MHz) & (ppm): 9.53 (s, 2H), 9.16 (d, 2H), 8.79 (d, 2H), 8.14 (d, 4H), 7.63 (d, 4H), 6.07 (s, 4H), 3.97
(s, 6H), 1.77 (s, 6H)

(Example 2)
[Synthesis of example compound A-7]

[0149] The example compound A-6 (200 mg, 0.3 mmol) was dissolved in water. An aqueous solution prepared by
dissolving 500 mg of potassium hexafluorophosphate was added dropwise thereto and stirred at room temperature for
3 hours. The precipitated crystal was filtered and sequentially washed with isopropyl alcohol and diethyl ether to obtain
235 mg (yield: 98%) of an example compound A-7.

[0150] The structure of this compound was determined by NMR measurement.

TH NMR (CD4CN, 500 MHz) & (ppm): 9.18 (s, 2H), 8.89 (d, 2H), 8.64 (d, 2H), 8.10 (d, 4H), 7.61 (d, 4H), 5.88 (s, 4H),
3.89 (s, 6H), 1.71 (s, 6H)

(Example 3)
[Characteristic evaluation of example compound A-7]

[0151] In this Example, an EC device that uses the example compound A-7 was produced, and the characteristic
evaluation of the example compound A-7 was performed. The structure of the EC device in this Example is the same
as the structure of the EC device 1 in the above embodiment, and an EC medium contained in the EC layer 7 contains
the example compound A-7. Tetrabutylammonium perchlorate serving as an electrolyte was dissolved in propylene
carbonate at a concentration of 0.1 M, and then the example compound A-7 in Example 2 was dissolved therein at a
concentration of 40.0 mM to obtain an EC medium.

[0152] Glass substrates with transparent conductive films (transparent electrode films) were used as the substrates
2 and 6 with the electrodes 3 and 5. An insulating layer (SiO,) was formed in four end portions of the pair of glass
substrates with transparent conductive films (ITO). A PET film (manufactured by Teijin DuPont Films Japan Limited,
Melinex (registered trademark) S, 125 um in thickness) serving as a spacer for specifying the distance between the
substrates was placed between the pair of glass substrates with transparent electrode films. Then, the glass substrates
and the PET film were bonded and sealed using an epoxy adhesive while an injection port for an EC medium was left.
Thus, an empty cell with an injection port was produced.

[0153] Subsequently, the EC medium obtained by the above method was injected through the injection port by a
vacuum injection method. Then, the injection port was sealed with an epoxy adhesive to produce an EC device.
[0154] The EC device just after the production had a transmittance of about 80% in the entire visible region, which
showed high transparency.

[0155] When a voltage of 3.0 V was applied to the EC device, absorption (Amax = 397 nm, 623 nm) derived from
reducing species of the example compound A-7 was observed and the EC device was colored in purple. When a voltage
of -0.5 V was further applied, the EC device was decolored. This EC device can reversibly change between a colored
state and a decolored state. Fig. 10 illustrates an ultraviolet-visible absorption spectrum (hereafter referred to as an
"absorption spectrum") of the device produced in this Example. The light source was a DH-2000S deuterium halogen
light source manufactured by Ocean Optics, Inc.

(Example 4)
[Temperature characteristic evaluation of example compound A-7]

[0156] For the EC device produced in Example 3, the absorption spectrum in a radically colored state was measured
at ambient temperatures of 0°C and 80°C. The obtained absorption spectra were normalized at 623 nm at which an
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absorption peak at 80°C was observed. Fig. 11 illustrates the results. The shapes of the absorption spectra at 0°C and
80°C had only a small change. That is, the color change in a colored state at different temperatures is small, which
shows that the color change due to ambient temperature does not readily occur in this EC device.
(Comparative Example 1)
[0157] For comparison, an EC device was produced in the same manner as in Example 3, except that a comparative

compound 1 was used instead of the example compound A-7. For the produced EC device, the absorption spectrum in
a radically colored state was measured at ambient temperatures of 0°C and 80°C.

[Chem. 17]

0 0
MeO OMe

_ 2PFg”
N% H— 4N

Comparative compound 1

[0158] The obtained absorption spectra were normalized at 606 nm at which an absorption peak at 80°C was observed.
Fig. 12 illustrates the results. The shapes of the absorption spectra at 0°C and 80°C were considerably different. That
is, the color change in a colored state at different ambient temperatures is large, which shows the color change due to
ambient temperature.

(Example 5)

[Synthesis of example compound A-5]

[0159] An example compound A-5 was synthesized by the following method.

[Chem. 18]
N LN > > CrHi5—N% A HN—C7His
Intermediate 14 2CF3S05

A=5

[0160] The intermediate 14 (98 mg, 0.5 mmol), 1-bromoheptane (268 mg, 1.5 mmol), and 10 ml of N,N-dimethylfor-
mamide were charged into a reaction vessel and stirred in a nitrogen stream at 100°C for 8 hours. After completion of
the reaction, the resulting precipitate was filtered and washed with ethyl acetate to obtain a light green powder. The
obtained light green powder was dissolved in water. An aqueous solution prepared by dissolving 800 mg of sodium
trifluoromethanesulfonate was added dropwise thereto and stirred at room temperature for 3 hours. The precipitated
crystal was filtered and sequentially washed with isopropyl alcohol and diethyl ether to obtain 270 mg (yield: 78%) of an
example compound A-5.

[0161] The structure of this compound was determined by NMR measurement.

TH NMR (CD4CN, 500 MHz) o (ppm): 9.09 (s, 2H), 8.85 (d, 2H), 8.63 (d, 2H), 4.62 (t, 4H), 2.06 (m, 4H), 1.75 (s, 6H),
1.46-1.26 (m, 16H), 0.90 (t, 6H)
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(Example 6)
[Synthesis of example compound A-15]

[0162] An example compound A-15 was synthesized by the following method.

[Chem. 19]
N/_\ﬁ\_/N —_— N:’/_\>>_<<\_+/:N— CrHis——>ON ‘QN:/’;\é\_*/:N —CrH1s
Br NOys  2Br
Intermediate 14 Intermediate 15 Intermediate 16
—— @Ni/+_\>>—<<\_~7)N—cyH15
2CF3803”
A-15

[0163] The intermediate 14 (963 mg, 4.91 mmol), 1-bromoheptane (895 mg, 5 mmol), and 10 ml of acetonitrile were
charged into a reaction vessel and stirred in a nitrogen stream at 80°C for 18 hours. After completion of the reaction,
the resulting precipitate was filtered, washed with acetonitrile, and then subjected to column purification (eluent: methylene
chloride/methanol = 20/1) to obtain an intermediate 15 (1.32 g, yield 71%).

[0164] Theintermediate 15(1.32 g, 3.54 mmol), 2,4-dinitrobromobenzene (1.30 g, 5.26 mmol), and 10 ml of 2-propanol
were charged into a reaction vessel and stirred in a nitrogen stream at 80°C for 18 hours. After completion of the reaction,
the resulting precipitate was filtered and washed with 2-propanol to obtain an intermediate 16 (1.56 g, yield 72%).
[0165] The intermediate 16 (808 g, 1.30 mmol), aniline (145 mg, 1.56 mmol), and 25 ml of ethanol were charged into
a reaction vessel and stirred in a nitrogen stream at 80°C for 12 hours. After completion of the reaction, the ethanol was
removed in a vacuum and then ethyl acetate was added thereto to cause precipitation. Filtration was performed and the
resulting crystal was dissolved in water. An aqueous solution prepared by dissolving 1 g of sodium trifluoromethanesul-
fonate was added dropwise thereto and stirring was performed at room temperature for 3 hours. The precipitated crystal
was filtered and recrystallized with isopropyl alcohol to obtain 741 g (yield: 85%) of an example compound A-15.
[0166] The structure of this compound was determined by NMR measurement.

TH NMR (DMSO, 500 MHz) & (ppm): 10.01 (s, 1H), 9.76 (s, 1H), 9.63 (d, 1H), 9.37 (d, 1H), 9.15 (d, 1H), 9.09 (d, 1H),
7.99 (m, 2H), 7.83 (m, 3H), 4.70 (t, 2H), 2.04 (m, 2H), 1.78 (s, 6H), 1.46-1.26 (m, 8H), 0.87 (t, 3H)

(Example 7)

[Characteristic evaluation of example compound A-15]

[0167] A device was produced in the same manner as in Example 3, except that the example compound A-15 was
used instead of the example compound A-7 in Example 3. When a voltage of 3.0 V was applied to the device in this
Example, absorption (Amax = 408 nm, 621 nm) derived from reducing species of the example compound A-15 was
observed and the EC device was colored in purple. When a voltage of -0.5 V was further applied, the EC device was
decolored, which showed a reversible change between a colored state and a decolored state. Fig. 13 illustrates a coloring
spectrum.

(Example 8)

[Synthesis of example compound A-19]

[0168] An example compound A-19 was synthesized by the following method.

[Chem. 20]
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O —Qxi& \ﬁ&,}@mc}w - > dwi@ﬁ{%ﬁwmww

NO; 2Br 2CF3805"
Intermediate 16 A=18

[0169] The intermediate 16 (734 g, 1.20 mmol), o-toluidine (154 mg, 1.44 mmol), and 25 ml of ethanol were charged
into a reaction vessel and stirred in a nitrogen stream at 80°C for 12 hours. After completion of the reaction, the ethanol
was removed in a vacuum and then ethyl acetate was added thereto to cause precipitation. Filtration was performed
and the resulting crystal was dissolved in water. An aqueous solution prepared by dissolving 1 g of sodium trifluorometh-
anesulfonate was added dropwise thereto and stirring was performed at room temperature for 3 hours. The precipitated
crystal was filtered and recrystallized with isopropyl alcohol to obtain 667 g (yield: 83%) of an example compound A-19.
[0170] The structure of this compound was determined by NMR measurement.

TH NMR (DMSO, 500 MHz) ¢ (ppm): 9.92 (s, 1H), 9.78 (s, 1H), 9.49 (d, 1H), 9.38 (d, 1H), 9.18 (d, 1H), 9.10 (d, 1H),
7.55-7.80 (m, 5H), 4.72 (t, 2H), 2.22 (s, 3H), 2.04 (m, 2H), 1.76 (s, 6H), 1.46-1.26 (m, 8H), 0.87 (t, 3H)

(Example 9)

[Characteristic evaluation of example compound A-19]

[0171] A device was produced in the same manner as in Example 3, except that the example compound A-19 was
used instead of the example compound A-7 in Example 3. When a voltage of 3.0 V was applied to the device in this
Example, absorption (Amax = 397 nm, 617 nm) derived from reducing species of the example compound A-19 was
observed and the EC device was colored in purple. When a voltage of -0.5 V was further applied, the EC device was
decolored, which showed a reversible change between a colored state and a decolored state. Fig. 14 illustrates a coloring
spectrum.

(Example 10)

[Synthesis of example compound A-38]

[0172] An example compound A-38 was synthesized by the following method.

[Chem. 21]
NN > > CrHis—N% H— #N—CrHis
Intermediate 14 2(CF3S02)oN"

A-38

[0173] The intermediate 14 (98 mg, 0.5 mmol), 1-bromoheptane (268 mg, 1.5 mmol), and 10 ml of N,N-dimethylfor-
mamide were charged into a reaction vessel and stirred in a nitrogen stream at 100°C for 8 hours. After completion of
the reaction, the resulting precipitate was filtered and washed with ethyl acetate to obtain a light green powder. The
obtained light green powder was dissolved in water. An aqueous solution prepared by dissolving 1.5 g of lithium bis(tri-
fluoromethanesulfonyl)imide was added dropwise thereto and stirring was performed at room temperature for 3 hours.
The precipitated crystal was filtered and sequentially washed with isopropyl alcohol and diethyl ether to obtain 382 mg
(yield: 80%) of an example compound A-38.

[0174] The structure of this compound was determined by NMR measurement.

TH NMR (CD4CN, 500 MHz) & (ppm) : 9.09 (s, 2H), 8.85 (d, 2H), 8.63 (d, 2H), 4.62 (t, 4H), 2.06 (m, 4H), 1.75 (s, 6H),
1.46-1.26 (m, 16H), 0.90 (t, 6H)
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(Example 11)
[Characteristic evaluation of example compound A-38]
[0175] A device was produced in the same manner as in Example 3, except that the example compound A-38 was
used instead of the example compound A-7 in Example 3. When a voltage of 3.0 V was applied to the device in this
Example, absorption (Amax = 394 nm, 621 nm) derived from reducing species of the example compound A-38 was
observed and the EC device was colored in purple. When a voltage of -0.5 V was further applied, the EC device was
decolored, which showed a reversible change between a colored state and a decolored state.
(Example 12)

[Synthesis of example compound A-39]

[0176] An example compound A-39 was produced by the following method.

[Chem. 22]
¢ N-Cas—1

— Intermediate 17 - -
N N > = IN-Cahs—NE ‘*é\ yN—Cals—Ngr )

Intermediate 14 A{CFB0N
A~38

[0177] 1,3-Diiodopropane (1.84 g, 4 mmol) and pyridine (158 mg, 2 mmol) were charged into a reaction vessel and
stirred in a nitrogen stream at room temperature for 12 hours. After completion of the reaction, the resulting precipitate
was filtered and washed with diisopropyl ether to obtain 446 mg (yield: 90%) of an intermediate 17.

[0178] The intermediate 14 (98 mg, 0.5 mmol), the intermediate 17 (372 mg, 1.5 mmol), and 10 ml of N,N-dimethyl-
formamide were charged into a reaction vessel and stirred in a nitrogen stream at 100°C for 8 hours. After completion
of the reaction, ethyl acetate was added to the reaction solution. The resulting precipitate was filtered and washed with
ethyl acetate to obtain a powder. The obtained powder was dissolved in water. An aqueous solution prepared by dissolving
3 g of lithium bis(trifluoromethanesulfonyl)imide was added dropwise thereto and stirring was performed at room tem-
perature for 3 hours. The precipitated crystal was filtered and washed with diethyl ether to obtain 631 mg (yield: 81%)
of an example compound A-39.

[0179] The structure of this compound was determined by NMR measurement.

H NMR (DMSO, 500 MHz) & (ppm): 9.48 (s, 2H), 9.05 (d, 2H), 8.84 (d, 4H), 8.78 (d, 2H), 8.39 (t, 2H), 7.96 (t, 2H),
4.58-4.48 (m, 8H), 2.49 (m, 4H), 1.46 (s, 6H)

(Example 13)
[Temperature characteristic evaluation of example compound A-39]

[0180] A device was produced in the same manner as in Example 3, except that the example compound A-39 was
used instead of the example compound A-7 in Example 3. When a voltage of 3.0 V was applied to the device in this
Example, absorption (Amax = 396 nm, 622 nm) derived from reducing species of the example compound A-39 was
observed and the EC device was colored in purple. When a voltage of -0.5 V was further applied, the EC device was
decolored, which showed a reversible change between a colored state and a decolored state.

[0181] For this EC device, the absorption spectrum in a radically colored state was measured at ambient temperatures
of 0°C and 80°C. The obtained absorption spectra were normalized at 622 nm at which an absorption peak at 80°C was
observed. Fig. 15 illustrates the results. The shapes of the absorption spectra at 0°C and 80°C had only a small change.
That is, the color change in a colored state at different temperatures is small, which shows that the color change due to
ambient temperature does not readily occur in this EC device.
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(Example 14)
[Synthesis of example compound A-40]

[0182] An example compound A-40 was synthesized by the following method.

[Chem. 23]

N7 H—( N - > F30—C3He—N% H—( +N—CaHs—CF3

s

Intermediate 14 2{CF3809)oN”
A-40

[0183] Theintermediate 14 (294 mg, 1.5 mmol), 1,1,1-trifluoro-4-iodobutane (1.43 g, 6 mmol), and 10 ml of acetonitrile
were charged into a reaction vessel and stirred in a nitrogen stream for 24 hours while being refluxed under heating.
After completion of the reaction, ethyl acetate was added to the reaction solution. The resulting precipitate was filtered
and washed with ethyl acetate to obtain a powder. The obtained powder was dissolved in water. An aqueous solution
prepared by dissolving 5 g of lithium bis(trifluoromethanesulfonyl)imide was added dropwise thereto and stirring was
performed at room temperature for 3 hours. The precipitated crystal was filtered and sequentially washed with isopropyl
alcohol and diethyl ether to obtain 930 mg (yield: 63%) of an example compound A-40.

[0184] The structure of this compound was determined by NMR measurement.

TH NMR (CD5CN, 500 MHz) 6 (ppm): 9.14 (s, 2H), 8.89 (d, 2H), 8.68 (d, 2H), 4.71 (t, 4H), 2.46-2.33 (m, 8H), 1.78 (s, 6H)

(Example 15)

[Characteristic evaluation of example compound A-40]

[0185] A device was produced in the same manner as in Example 3, except that the example compound A-40 was
used instead of the example compound A-7 in Example 3. When a voltage of 3.0 V was applied to the device in this
Example, absorption (Amax = 395 nm, 623 nm) derived from reducing species of the example compound A-40 was
observed and the EC device was colored in purple. When a voltage of -0.5 V was further applied, the EC device was
decolored, which showed a reversible change between a colored state and a decolored state.

(Example 16)

[Synthesis of example compound A-41]

[0186] An example compound A-41 was synthesized by the following method.

[Chem. 24]
2 1
NN - > CoHs0~P~CaHo—N )4 y/N—CsHe~P~0CzHs
Intermediate 14 OCHs  apr OC2Hs
A-41

[0187] The intermediate 14 (98 mg, 0.5 mmol), diethyl (3-bromopropyl)phosphonate (389 mg, 1.5 mmol), and 10 ml
of N,N-dimethylformamide were charged into a reaction vessel and stirred in a nitrogen stream at 100°C for 8 hours.
After completion of the reaction, ethyl acetate was added to the reaction solution. The resulting precipitate was filtered,
washed with ethyl acetate to obtain a powder. The obtained powder was dissolved in water. An aqueous solution prepared
by dissolving 1 g of potassium hexafluorophosphate was added dropwise thereto and stirring was performed at room
temperature for 3 hours. The precipitated crystal was filtered and sequentially washed with isopropyl alcohol and diethyl
ether to obtain 317 mg (yield: 75%) of an example compound A-41.
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[0188] The structure of this compound was determined by NMR measurement.
TH NMR (CD4CN, 500 MHz) & (ppm): 9.14 (s, 2H), 8.89 (d, 2H), 8.65 (d, 2H), 4.73 (t, 4H), 4.06 (m, 8H), 2.33 (m, 4H),
1.90-1.78 (m, 4H), 1.75 (s, 6H), 1.29 (m, 12H)

(Example 17)

[0189] In this Example, an example of a complementary EC device 1 that uses an organic compound serving as a
cathode material and represented by the general formula (2) and an anode material will be described.

[0190] The EC device 1 in this Example has the same structure as illustrated in Fig. 1. Two ITO substrates obtained
by forming electrodes 3 and 5 made of ITO on the respective surfaces of substrates 2 and 6 made of glass are bonded
to each other with 50 wm spacers 4 disposed therebetween. An EC layer 7 is disposed in a gap defined by the substrates
2 and 6 and the spacers 4.

[0191] The EC layer 7 has a complementary solution structure including 5,10-dimethyl-5,10-dihydrophenazine (here-
after referred to as DMDHP) serving as an anode EC material and one bipyridine derivative serving as a cathode EC
material. Herein, it has been confirmed from the temperature characteristic evaluation on a single material that the shape
of the absorption spectrum of DMDHP substantially does not change with the ambient temperature.

[0192] In this Example, the example compound A-7 was used as a bipyridine derivative, and one anodic EC material
was combined with one cathodic EC material. A solution prepared by dissolving DMDHP and the example compound
A-7 in a propylene carbonate solvent was injected into the EC device 1. Since the example compound A-7 serving as
a viologen derivative has PFg as a counterion, another material was not added as an electrolyte. The concentration of
each of DMDHP and the bipyridine derivative was 100 mM.

[0193] Ateach of ambient temperatures of 0°C, 25°C, 50°C, and 80°C, the produced EC device was driven to change
its state from a decolored state to a colored state, and the absorption spectrum in a colored state was measured. The
drive voltage was 0.6 V and a direct-current voltage with a duty ratio of 100% was applied. The absorption spectrum
was measured five seconds after the driving and the decolored state was treated as a zero baseline.

[0194] In the evaluation of the EC device 1, the drive voltage was applied with a potentiostat (CellTest 1470E) man-
ufactured by Solartron and the spectrum was measured with a spectroscope (USB2000-UV-VIS) manufactured by Ocean
Optics, Inc. The change in absorbance of the EC material with application of voltage was measured at 1 scan/sec. The
measurement sample, electric wiring, and optical fiber cables were introduced into an environmental test chamber
manufactured by Horiba Espec. The electrical characteristics and the absorption spectrum were measured in a controlled
temperature range of 0°C to 80°C.

[0195] Fig. 3(a) illustrates a spectrum obtained by normalizing the absorption spectrum in a colored state at each
ambient temperature with respect to the radical absorption peak of the bipyridine derivative. Specifically, Fig. 3(a)
illustrates a spectrum related to the EC device 1 that uses the example compound A-7 as a bipyridine derivative, the
spectrum being obtained by normalizing the absorption spectrum in a colored state at each ambient temperature with
respect to the absorption peak at a wavelength of 625 nm.

[0196] As is clear from Fig. 3(a), in the case of the EC device 1 that uses the example compound A-7, the spectra
have substantially the same shape at each ambient temperature. These results suggest that the ratio of monomer and
associate of the example compound A-7 does not easily change with the ambient temperature. In Fig. 3(a), the absorption
at 460 nm is derived from DMDHP, the absorption at 397 nm is derived from n-n* transition of monomers of the example
compound A-7, and the absorption at 625 nm is derived from n-r* transition of monomers of a compound 1. In the EC
device 1 containing the example compound A-7, itis found that the absorption intensity ratio does not significantly change
even if the ambient temperature changes from 0°C to 80°C.

[0197] Fig. 7 illustrates an absorbance ratio (f2/f1) regarding the EC device 1 containing the example compound A-
7. Specifically, Fig. 7 illustrates a spectrum obtained by dividing a spectrum (f2) by a spectrum (f1) regarding the EC
device in this Example, where the spectrum (f2) is obtained by normalizing the absorption spectrum of each compound
at an ambient temperature of 80°C and the spectrum (f1) is obtained by normalizing the absorption spectrum of each
compound at an ambient temperature of 0°C. In Fig. 7, the result related to the EC device 1 in this Example that contains
the example compound A-7 is indicated by a solid line.

[0198] The useful wavelength range for typical optical filters used in a visible region is 450 nm to 650 nm. In Fig. 7,
the ratio f2/f1 at any wavelength m in this wavelength range is a ratio (absorbance ratio) f2(m)/f1(m) of the absorbance
f2(m) at the wavelength m in the spectrum f2 to the absorbance f1(m) at the wavelength m in the spectrum f1.

[0199] The EC device 1 that uses the example compound A-7 has an absorbance ratio f2(m)/f1(m) of more than 0.8
and less than 1.2, which satisfies the formula (1), at any wavelength in the wavelength range of 450 nm to 650 nm.
Furthermore, the EC device 1 that uses the example compound A-7 satisfies the formula (2). The EC device 1 containing
a bipyridine derivative that satisfies the formula (1) has only a small change in absorption spectrum due to ambient
temperature. When the bipyridine derivative that satisfies the formula (1) is used as an EC material, the change in the
shape of the absorption spectrum of an EC device due to a change in ambient temperature can be reduced.
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[0200] As described above, according to the EC device 1 in this Example, the change in the absorption spectrum of
the EC device due to the change in the ambient temperature at which the EC device is driven can be reduced compared
with the related art. That is, an EC device whose temperature dependence is low can be provided.

(Reference Example 18)

[0201] Inthis Example, the temperature characteristics of the EC device 1 that uses an organic compound represented
by the general formula (2) will be described. Specifically, in this Example, the temperature characteristics of each of an
EC device that uses a reference compound B-1 and an EC device that uses a reference compound C-2 will be described
as those of the EC device 1 that uses an organic compound represented by the general formula (2).

[0202] In the EC device in this Example, DMDHP is used as an anode EC material and the reference compound B-1
or the reference compound C-2 is used as a cathode material. DMDHP and each of the bipyridine derivatives are
dissolved in a propylene carbonate solvent so as to have a concentration of 100 mM. The EC device in this Example is
produced by the same method as that of the EC device in Example 17, except that the bipyridine derivative serving as
a cathode material is the reference compound B-1 or C-2.

[0203] Forthe EC devices in this Example, the absorption spectrum was measured at different ambient temperatures
by the same method as that in Example 17.

[0204] Fig. 6 illustrates a spectrum obtained by normalizing the absorption spectrum obtained by driving each EC
device inthis Example ateach ambient temperature with respect to the radical absorption peak of the bipyridine derivative.
Fig. 6(a) illustrates a spectrum related to the EC device that uses DMDHP and the example compound B-1, the spectrum
being normalized with respect to the radical absorption peak at a wavelength of 732 nm. Fig. 6(b) illustrates a spectrum
related to the EC device that uses DMDHP and the reference compound C-2, the spectrum being normalized with respect
to the radical absorption peak at a wavelength of 582 nm.

[0205] Asis clear from Fig. 6, in the EC device that uses the reference compound B-1 or the reference compound C-
2, the shape of the absorption spectrum does not significantly change even if the ambient temperature changes. These
results show that, as in Example 17, the reference compound B-1 and the reference compound C-2 have only a small
change in the ratio of monomer and associate even if the ambient temperature changes. In other words, in each of the
reference compounds B-1 and C-2, the associate is not easily formed and the form of monomer is easily maintained
even if the ambient temperature changes.

[0206] Fig. 7 illustrates an absorbance ratio (f2/f1) regarding the EC device containing any one of the reference
compounds B-1 and C-2 and the example compound A-3 in Example 17. Specifically, Fig. 7 illustrates a spectrum
obtained by dividing a spectrum (f2) by a spectrum (f1) regarding each EC device in this Example, where the spectrum
(f2) is obtained by normalizing the absorption spectrum of each compound at an ambient temperature of 80°C and the
spectrum (f1) is obtained by normalizing the absorption spectrum of each compound at an ambient temperature of 0°C.
[0207] Each of the EC devices has an absorbance ratio f2(m)/f1(m) of more than 0.8 and less than 1.2, which satisfies
the formula (1), at any wavelength m in the wavelength range of 450 nm to 650 nm. Each of the EC devices also satisfies
the formula (2). When the bipyridine derivative that satisfies the formula (1) is used for EC devices, the change in the
shape of the absorption spectrum of an EC device due to a change in ambient temperature can be reduced.

[0208] According to the EC device in this Example, the change in the absorption spectrum of the EC device due to
the change in the ambient temperature at which the EC device is driven can be reduced compared with the related art.
That is, an EC device whose temperature dependence is low can be provided.

[0209] As described in this Example, the bipyridine derivative having a structure represented by the general formula
(2) has only a small change in absorption spectrum due to ambient temperature and thus is suitable for use in organic
EC devices.

(Reference Example 19)

[0210] Inthis Example, the temperature characteristics of the EC device 1 that uses an organic compound represented
by the general formula (5) will be described. Specifically, in this Example, the temperature characteristics of an EC
device that uses a reference compound D-1 will be described as those of the EC device 1 that uses an organic compound
represented by the general formula (5).

[0211] In the EC device in this Example, DMDHP is used as an anode EC material and the reference compound D-1
is used as a cathode material. DMDHP and the bipyridine derivative are dissolved in a propylene carbonate solvent so
as to have a concentration of 100 mM. The EC device in this Example is produced by the same method as that of the
EC device in Example 17, except that the bipyridine derivative serving as a cathode material is the reference compound
D-1.

[0212] Forthe EC device in this Example, the absorption spectrum was measured at different ambient temperatures
by the same method as that in Examples.
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[0213] Fig. 9 illustrates an absorbance ratio (f2/f1) regarding the EC device that uses the reference compound D-1.
Specifically, Fig. 9 illustrates a spectrum obtained by dividing a spectrum (f2) by a spectrum (f1) regarding the EC device
in this Example, where the spectrum (f2) is obtained by normalizing the absorption spectrum at an ambient temperature
of 80°C and the spectrum (f1) is obtained by normalizing the absorption spectrum at an ambient temperature of 0°C.
[0214] As is clear from Fig. 9, the EC device in this Example has an absorbance ratio f2(m)/f1(m) of more than 0.8
and less than 1.2, which satisfies the formula (1) and the formula (2), at any wavelength m in the wavelength range of
450 nm to 650 nm. When the bipyridine derivative that satisfies the formula (1) is used for EC layers, the change in the
shape of the absorption spectrum of an EC device due to a change in ambient temperature can be reduced.

[0215] According to the EC device in this Example, the change in the absorption spectrum of the EC device due to
the change in the ambient temperature at which the EC device is driven can be reduced compared with the related art.
That is, an EC device whose temperature dependence is low can be provided.

[0216] As described in this Example, the bipyridine derivative having a structure represented by the general formula
(5) has only a small change in absorption spectrum due to ambient temperature and thus is suitable for use in organic
EC devices.

(Comparative Example 2)

[0217] InComparative Example 2, EC devices thatuse, as EC materials, comparative compounds 2 to 7 notrepresented
by the general formulae (1) to (5) will be described.

[0218] The comparative compounds 6 and 7 each have a structure in which bipyridine derivatives are bonded to each
other via a substituent. The comparative compound 7 has a ring structure constituted by two bipyridine derivatives. Such
a compound having bipyridine derivatives bonded to each other very easily causes association, and the absorbance of
associate is higher than that of monomer even at room temperature. In such a material, the absorbance of associate
tends to decrease and the absorbance of monomer tends to increase as the temperature increases. This is believed to
be because the association state is lost through thermal molecular vibration.

[0219] EC devices were produced using the comparative compounds 2 to 7 by using the same structure and method
as those in Example 17. The EC devices that use the comparative compounds 2 to 7 are the same as the EC devices
1 in Example 17 and Reference Examples 18 and 19, except that the comparative compounds 2 to 7 are used as
bipyridine derivatives.
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[Chem. 25]
tBu
Comparative compound 2 Comparative compound 3
tBu
D= =@ : -
Ng )N CoHs—N_HY—N-CahHs
tBu
= 2PFg”
tBu 2PFs
Comparative compound 4 Comparative compound 5
+ b * o
OOt OO0
2PFg” 2PFg”
Comparative compound 6 Comparative compound 7

@ e (@) -
Crtis—Ng_)— N GCN@@NXE
B =@ N D—L N

ﬁ?ﬁ?ﬁ”M@'—@N D—-@

4CI04~
4PFs”

[0220] Fig. 3(b) illustrates a spectrum obtained by normalizing the absorption spectrum of an EC device that uses a
comparative compound 2 in a colored state at each ambient temperature with respect to the radical absorption peak of
the bipyridine derivative. Specifically, Fig. 3(b) illustrates a spectrum related to the EC device that uses the comparative
compound 2 as a bipyridine derivative, the spectrum being obtained by normalizing the absorption spectrum in a colored
state at each ambient temperature with respect to the absorption peak at a wavelength of 606 nm.

[0221] As is clear from Fig. 3(a), in the case of the EC device 1 that uses the example compound A-7, the spectra
have substantially the same shape at each ambient temperature. In contrast, as is clear from Fig. 3(b), in the case of
the EC device that uses the comparative compound 2, the absorption spectra have different shapes at each temperature.
These results show that the ratio of monomer and associate of the comparative compound 2 considerably changes with
the ambient temperature.

[0222] The absorption peaks of a monomer of the comparative compound 2 appear at wavelengths of 399 nm and
606 nm, and other absorption peaks appear at shorter wavelengths of 370 nm and 560 nm. These peaks are generated
as a result of formation of an associate of the comparative compound 2. The form of associate is generally more stable
than the form of monomer in terms of electronic state, and therefore the absorption wavelength shifts to shorter wave-
lengths (high energy). That s, it is believed that the absorption wavelength 399 nm of a monomer shifts to the absorption
wavelength 370 nm of an associate and the absorption wavelength 606 nm of a monomer shifts to the absorption
wavelength 560 nm of an associate.

[0223] Fig. 8illustrates a value (f2/f1) obtained by dividing a spectrum (f2) by a spectrum (f1) regarding the EC devices
that use the comparative compounds 1 to 6, where the spectrum (f2) is obtained by normalizing the absorption spectrum
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at an ambient temperature of 80°C and the spectrum (f1) is obtained by normalizing the absorption spectrum at an
ambient temperature of 0°C.

[0224] At any wavelength m in the wavelength range of 450 nm to 650 nm, which is useful for typical optical filters in
a visible region, the absorbance ratio of the absorbance f2(m) in the spectrum f2 to the absorbance f1(m) in the spectrum
f1 does not satisfy the formula (1). In Fig. 8, even the comparative compound having the smallest absorbance ratio has
a relational expression of 0.5 < f2(m)/f1(m) < 1.5 in the wavelength range of 450 nm to 650 nm.

[0225] Asdescribed above, the EC devices that use the comparative compounds 2 to 7 serving as bipyridine derivatives
have a large change in absorption spectrum due to a change in ambient temperature and are not suitable as EC devices
whose temperature dependence is low.

[0226] As s clear from the comparison with Example 17 and Reference Examples 18 and 19, a change in the ratio of
monomer and associate due to ambient temperature is dependent on the structure of the bipyridine derivative. As
described above, as a result of the studies conducted by the present inventors, the organic compounds represented by
the general formulae (1) to (5) have only a small change in the existence ratio of monomer and associate due to ambient
temperature and thus can be provided for EC devices whose temperature dependence is low.

[0227] The presentinvention is not limited to the above embodiments. Accordingly, the following claims are attached
to disclose the scope of the present invention.

Claims

1. Anorganic compound represented by general formula (1) below:

R
Ryy 4R R1e
X1—N% H—( N—X;
R12 R13R14R15
A Ay (1)

where X; and X, are each independently selected from an alkyl group optionally having a substituent, an aryl
group optionally having a substituent, and an aralkyl group optionally having a substituent;

R;1to R gare each independently selected from a hydrogen atom, an alkyl group optionally having a substituent,
an alkoxy group optionally having a substituent, an aryl group optionally having a substituent, a heterocyclic
group optionally having a substituent, and a halogen atom; R, and R,, are each independently selected from
a hydrogen atom, an alkyl group optionally having a substituent, an aryl group optionally having a substituent,
and an aralkyl group optionally having a substituent; and A,-and A, each independently represent a monovalent
anion,

wherein when the alkyl group represented by X4, X5, Ry4 to Ryg, Ry, @and Ry, has a substituent, the substituent
is selected from a halogen, an ester group, a cyano group, a terminal adsorptive group or the acid ester group
of the adsorptive group selected from a carboxy group, a carboxylate group, a sulfonic acid group, a sulfonate
group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group, and a terminal ionic group
selected from pyridinium or quinolinium,

wherein when the aryl represented by X,, X5, Ry4 to R46, Ryq, and Ry, has a substituent, the substituent is
selected from a halogen atom, an alkyl group having 1 to 8 carbon atoms, and an alkoxy group having 1 to 8
carbon atoms, wherein the alkyl group or the alkoxy group may have a terminal adsorptive group or an acid
ester group of the adsorptive group selected from a carboxy group, a carboxylate group, a sulfonic acid group,
a sulfonate group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group, and wherein the
alkyl group or the alkoxy group may have, at its terminal, an ionic group selected from pyridinium or quinolinium,
wherein when the aralkyl represented by X4, X5, Ry4, and Ry, has a substituent, the substituent is selected from
an alkyl group having 1 to 8 carbon atoms and an alkoxy group having 1 to 8 carbon atoms, wherein the alkyl
group or the alkoxy group may have a terminal adsorptive group or an acid ester group of the adsorptive group
selected from a carboxy group, a carboxylate group, a sulfonic acid group, a sulfonate group, a phosphonic
acid group, a phosphonate group, and a trialkoxysilyl group, and wherein the alkyl group or the alkoxy group
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may have, at its terminal, an ionic group selected from pyridinium or quinolinium,

wherein when the alkoxy group represented by R44 to R4g has a substituent, the substituent is selected from a
halogen atom,

wherein when the heterocyclic group represented by R4 to R4g has a substituent, the substituent is selected
from an alkyl group having 1 to 8 carbon atoms and an alkoxy group having 1 to 8 carbon atoms.

The organic compound according to Claim 1, wherein Ry, to R4¢ each represent a hydrogen atom.
The organic compound according to Claim 1 or 2, wherein A;- and A, represent the same anion.

An electrochromic device comprising a pair of electrodes and an electrochromic layer disposed between the pair of
electrodes,
wherein the electrochromic layer contains the organic compound according to any one of Claims 1 to 3.

The electrochromic device according to Claim 4,
wherein the electrochromic layer contains an organic compound other than the organic compound represented by
general formula (1).

The electrochromic device according to Claim 4 or 5, wherein the other organic compound is a phenazine compound,
ferrocene, a metallocene compound, a phenylenediamine compound, or a pyrazoline compound.

An electrochromic device comprising:

a pair of electrodes; and

an electrochromic layer that is disposed between the pair of electrodes and contains an anodic compound and
a cathodic compound,

wherein the electrochromic layer contains a bipyridine derivative represented by general formula (1) below, and
the electrochromic layer satisfies mathematical formula (1) in a wavelength range of 450 nm or more and 650
nm or less:

0.6 < f2(m)/fL(m) < 1.4 (1)

where f1(m) represents a value obtained by normalizing an absorbance of the electrochromic layer in a colored
state at an ambient temperature of 0°C at a wavelength m of 450 nm or more and 650 nm or less with respect
to an absorbance at a wavelength at which the bipyridine derivative exhibits radical absorption, and

f2(m) represents a value obtained by normalizing an absorbance of the electrochromic layer in a colored state
at an ambient temperature of 80°C at a wavelength m of 450 nm or more and 650 nm or less with respect to
an absorbance at a wavelength at which the bipyridine derivative exhibits radical absorption,

R12 R13R14 R15
A1 Ay (1)

where Ry, to Ryg are each independently selected from a hydrogen atom, an alkyl group optionally having a
substituent, an alkoxy group optionally having a substituent an, aryl group optionally having a substituent, a
heterocyclic group optionally having a substituent, a halogen atom, and P(O)R,5; substituents of R4 to Ryg
may form a fused ring; R,3 represents an aryl group optionally having a substituent;

R,1 and Ry, are each independently selected from a hydrogen atom, an alkyl group optionally having a sub-
stituent, an aryl group optionally having a substituent, and an aralkyl group optionally having a substituent;
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X1 and X, are each independently selected from an alkyl group optionally having a substituent, an aryl group
optionally having a substituent, and an aralkyl group optionally having a substituent; and A;~ and A,” each
independently represent a monovalent anion,

wherein when the alkyl group represented by X4, X,, Rq4 to R4, Ry, and Ry, has a substituent, the substituent
is selected from a halogen, an ester group, a cyano group, a terminal adsorptive group or the acid ester group
of the adsorptive group selected from a carboxy group, a carboxylate group, a sulfonic acid group, a sulfonate
group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group, and a terminal ionic group
selected from pyridinium or quinolinium,

wherein when the aryl represented by represented by X, X5, R4q to Ryg, Ro1, Ryp, and Ry3 has a substituent,
the substituent is selected from a halogen atom, an alkyl group having 1 to 8 carbon atoms, and an alkoxy group
having 1 to 8 carbon atoms, wherein the alkyl group or the alkoxy group may have a terminal adsorptive group
or an acid ester group of the adsorptive group selected from a carboxy group, a carboxylate group, a sulfonic
acid group, a sulfonate group, a phosphonic acid group, a phosphonate group, and a trialkoxysilyl group, and
wherein the alkyl group or the alkoxy group may have, at its terminal, an ionic group selected from pyridinium
or quinolinium,

wherein when the aralkyl represented by X4, X5, Ry4, and Ry, has a substituent, the substituent is selected from
an alkyl group having 1 to 8 carbon atoms and an alkoxy group having 1 to 8 carbon atoms, wherein the alkyl
group or the alkoxy group may have a terminal adsorptive group or an acid ester group of the adsorptive group
selected from a carboxy group, a carboxylate group, a sulfonic acid group, a sulfonate group, a phosphonic
acid group, a phosphonate group, and a trialkoxysilyl group, and wherein the alkyl group or the alkoxy group
may have, at its terminal, an ionic group selected from pyridinium or quinolinium,

wherein when the alkoxy group represented by R44 to R4g has a substituent, the substituent is selected from a
halogen atom,

wherein when the heterocyclic group represented by Ry, to Ryg has a substituent, the substituent is selected
from an alkyl group having 1 to 8 carbon atoms and an alkoxy group having 1 to 8 carbon atoms.

The electrochromic device according to Claim 7, wherein the bipyridine derivative satisfies the mathematical formula

(1)

The electrochromic device according to Claim 7 or 8, wherein the electrochromic device satisfies mathematical
formula (2) in a wavelength range of 450 nm or more and 650 nm or less,

0.8 < f2(m)/fi(m) < 1.2 (2).

The electrochromic device according to any one of Claims 7 to 9,
wherein the electrochromic layer contains a bipyridine derivative other than the bipyridine derivative represented
by general formula (1).

The electrochromic device according to any one of Claims 4 to 10, wherein the electrochromic layer contains a liquid
containing an electrolyte and an organic EC compound.

An electrochromic apparatus comprising:

the electrochromic device according to any one of Claims 4 to 11; and
driving means for driving the electrochromic device.

The electrochromic apparatus according to Claim 12, wherein the driving means is means for controlling a trans-
mittance of the electrochromic device using pulse width modulation.

An optical filter comprising:

the electrochromic device according to any one of Claims 4 to 11; and
an active device connected to the electrochromic device.

The optical filter according to Claim 14, wherein the active device is configured to drive the electrochromic device
to control an amount of light that passes through the electrochromic device.
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A lens unit comprising:

the optical filter according to Claim 14 or 15; and
an image pickup optical system including a plurality of lenses.

An image pickup apparatus comprising:

an image pickup optical system including a plurality of lenses;
the optical filter according to Claim 14 or15; and
a light-receiving device configured to receive light that has passed through the optical filter.

An image pickup apparatus to which an image pickup optical system including a plurality of lenses is attachable,
the image pickup apparatus comprising:

the optical filter according to Claim 14 or 15; and
a light-receiving device configured to receive light that has passed through the optical filter.

A window member comprising:

a pair of substrates;

the electrochromic device according to any one of Claims 4 to 11, the electrochromic device being disposed
between the pair of substrates; and

an active device connected to the electrochromic device,

wherein the electrochromic device is configured to control an amount of light that passes through the pair of
substrates.

Patentanspriiche

1.

Organische Verbindung, dargestellt durch die nachstehende allgemeine Formel (1)

R12 R13R14R15
A” Ay (1)

wobei X, und X, jeweils unabhangig voneinander ausgewahlt sind aus einer Alkylgruppe, die optional einen
Substituenten aufweist, einer Arylgruppe, die optional einen Substituenten aufweist, und einer Aralkylgruppe,
die optional einen Substituenten aufweist;

R4 bis R4g jeweils unabhéngig voneinander ausgewahlt sind aus einem Wasserstoffatom, einer Alkylgruppe,
die optional einen Substituenten aufweist, einer Alkoxygruppe, die optional einen Substituenten aufweist, einer
Arylgruppe, die optional einen Substituenten aufweist, einer heterocyclischen Gruppe, die optional einen Sub-
stituenten aufweist, und einem Halogenatom; R, und R, jeweils unabhéngig voneinander ausgewahit sind
aus einem Wasserstoffatom, einer Alkylgruppe, die optional einen Substituenten aufweist, einer Arylgruppe,
die optional einen Substituenten aufweist, und einer Aralkylgruppe, die optional einen Substituenten aufweist;
und Ay~ und A, jeweils unabhéngig voneinander ein einwertiges Anion darstellen,

wobei, wenn die durch X4, X,, Rq4 bis R4, Ry und Ry, dargestellte Alkylgruppe einen Substituenten aufweist,
der Substituent ausgewahlt ist aus einem Halogen, einer Estergruppe, einer Cyanogruppe, einer endstandigen
adsorptiven Gruppe oder der Saureestergruppe der adsorptiven Gruppe, ausgewahlt aus einer Carboxygruppe,
einer Carboxylatgruppe, einer Sulfonsauregruppe, einer Sulfonatgruppe, einer Phosphonsauregruppe, einer
Phosphonatgruppe und einer Trialkoxysilylgruppe, und einer endstandigen ionischen Gruppe, ausgewahlt aus
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Pyridinium oder Chinolinium,

wobei, wenn das durch X4, X5, Rq4 bis R4g, Ryq und Ry, dargestellte Aryl einen Substituenten aufweist, der
Substituent ausgewabhlt ist aus einem Halogenatom, einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und einer
Alkoxygruppe mit 1 bis 8 Kohlenstoffatomen, wobei die Alkylgruppe oder die Alkoxygruppe eine endstandige
adsorptive Gruppe oder eine Saureestergruppe der adsorptiven Gruppe aufweisen kann, ausgewahlt aus einer
Carboxygruppe, einer Carboxylatgruppe, einer Sulfonsauregruppe, einer Sulfonatgruppe, einer Phosphonsau-
regruppe, einer Phosphonatgruppe und einer Trialkoxysilylgruppe, und wobei die Alkylgruppe oder die Alkoxy-
gruppe anihrem Ende eine ionische Gruppe aufweisen kann, die aus Pyridinium oder Chinolinium ausgewahlt ist,
wobei, wenn das durch X¢, X5, Ry und Ry, dargestellte Aralkyl einen Substituenten aufweist, der Substituent
ausgewahlt ist aus einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und einer Alkoxygruppe mit 1 bis 8 Koh-
lenstoffatomen, wobei die Alkylgruppe oder die Alkoxygruppe eine endstandige adsorptive Gruppe oder eine
Saureestergruppe der adsorptiven Gruppe aufweisen kann, ausgewahlt aus einer Carboxygruppe, einer Car-
boxylatgruppe, einer Sulfonsauregruppe, einer Sulfonatgruppe, einer Phosphonsauregruppe, einer Phospho-
natgruppe und einer Trialkoxysilylgruppe, und wobei die Alkylgruppe oder die Alkoxygruppe an ihrem Ende
eine ionische Gruppe aufweisen kann, die aus Pyridinium oder Chinolinium ausgewabhlt ist,

wobei, wenn die durch R4 bis Rg dargestellte Alkoxygruppe einen Substituenten aufweist, der Substituent
ausgewahlt ist aus einem Halogenatom,

wobei, wenn die durch R4 bis R,q dargestellte heterocyclische Gruppe einen Substituenten aufweist, der
Substituent ausgewahlt ist aus einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und einer Alkoxygruppe mit 1
bis 8 Kohlenstoffatomen.

Organische Verbindung nach Anspruch 1, wobei R4, bis R4¢ jeweils ein Wasserstoffatom darstellen.
Organische Verbindung nach Anspruch 1 oder 2, wobei A~ und A, das gleiche Anion darstellen.

Elektrochrome Vorrichtung, umfassend ein Paar von Elektroden und eine zwischen dem Paar von Elektroden an-
geordnete elektrochrome Schicht
wobei die elektrochrome Schicht die organische Verbindung nach einem der Anspriiche 1 bis 3 enthalt.

Elektrochrome Vorrichtung nach Anspruch 4,
wobei die elektrochrome Schicht eine andere organische Verbindung als die durch die allgemeine Formel (1) dar-
gestellte organische Verbindung enthalt.

Elektrochrome Vorrichtung nach Anspruch 4 oder 5, wobei die andere organische Verbindung eine Phenazinver-
bindung, Ferrocen, eine Metallocenverbindung, eine Phenylendiaminverbindung oder eine Pyrazolinverbindung ist.

Elektrochrome Vorrichtung, umfassend:

ein Paar von Elektroden; und

eine elektrochrome Schicht, die zwischen dem Paar von Elektroden angeordnet ist und eine anodische Ver-
bindung und eine kathodische Verbindung enthalt,

wobei die elektrochrome Schicht ein Bipyridin-Derivat enthalt, das durch die nachstehende allgemeine Formel
(1) dargestellt wird, und

die elektrochrome Schicht die mathematische Formel (1) in einem Wellenlangenbereich von 450 nm oder mehr
und 650 nm oder weniger erflillt:

0,6 < f2(m)/fi(m) < 1,4 (1)

wobei f1(m) einen Wert darstellt, der durch Normierung einer Absorption der elektrochromen Schicht in einem
gefarbten Zustand bei einer Umgebungstemperatur von 0°C bei einer Wellenldnge m von 450 nm oder mehr
und 650 nm oder weniger in Bezug auf eine Absorption bei einer Wellenlange, bei der das Bipyridinderivat eine
Radikalabsorption aufweist, erhalten wird, und

f2(m) einen Wert darstellt, der durch Normierung einer Absorption der elektrochromen Schichtin einem gefarbten
Zustand bei einer Umgebungstemperatur von 80°C bei einer Wellenlange m von 450 nm oder mehr und 650
nm oder weniger in Bezug auf eine Absorption bei einer Wellenlange, bei der das Bipyridinderivat eine Radi-
kalabsorption aufweist, erhalten wird,
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R12R13R14R15
A" Ay (1)

wobei Rq4 bis R4g jeweils unabhéngig voneinander ausgewahlt sind aus einem Wasserstoffatom, einer Alkyl-
gruppe, die optional einen Substituenten aufweist, einer Alkoxygruppe, die optional einen Substituenten auf-
weist, einer Arylgruppe, die optional einen Substituenten aufweist, einer heterocyclischen Gruppe, die optional
einen Substituenten aufweist, einem Halogenatom und P(O)R,3; Substituenten von R4 bis Ryg kénnen einen
kondensierten Ring bilden; R,3 stellt eine Arylgruppe dar, die optional einen Substituenten aufweist;

R4 und Ry, sind jeweils unabhangig voneinander ausgewahlt aus einem Wasserstoffatom, einer Alkylgruppe,
die optional einen Substituenten aufweist, einer Arylgruppe, die optional einen Substituenten aufweist, und
einer Aralkylgruppe, die optional einen Substituenten aufweist;

X4 und X, jeweils unabhéngig voneinander ausgew4hlt sind aus einer Alkylgruppe, die optional einen Substi-
tuenten aufweist, einer Arylgruppe, die optional einen Substituenten aufweist, und einer Aralkylgruppe, die
optional einen Substituenten aufweist; und A;~und A, jeweils unabhéngig voneinander ein einwertiges Anion
darstellen,

wobei, wenn die durch X, X5, Ry4 bis R4, Ry4 und Ry, dargestellte Alkylgruppe einen Substituenten aufweist,
der Substituent ausgewahlt ist aus einem Halogen, einer Estergruppe, einer Cyanogruppe, einer endstandigen
adsorptiven Gruppe oder der Saureestergruppe der adsorptiven Gruppe, ausgewahlt aus einer Carboxygruppe,
einer Carboxylatgruppe, einer Sulfonsauregruppe, einer Sulfonatgruppe, einer Phosphonsauregruppe, einer
Phosphonatgruppe und einer Trialkoxysilylgruppe, und einer endstandigen ionischen Gruppe, ausgewahlt aus
Pyridinium oder Chinolinium,

wobei, wenn das durch X;, X,, R4 bis R4g, Ry¢, Ry Und Ry5 dargestellte Aryl einen Substituenten aufweist,
der Substituent ausgewahlt ist aus einem Halogenatom, einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und
einer Alkoxygruppe mit 1 bis 8 Kohlenstoffatomen, wobei die Alkylgruppe oder die Alkoxygruppe eine endstan-
dige adsorptive Gruppe oder eine Saureestergruppe der adsorptiven Gruppe aufweisen kann, ausgewahlt aus
einer Carboxygruppe, einer Carboxylatgruppe, einer Sulfonsauregruppe, einer Sulfonatgruppe, einer Phos-
phonsauregruppe, einer Phosphonatgruppe und einer Trialkoxysilylgruppe, und wobei die Alkylgruppe oder die
Alkoxygruppe an ihrem Ende eine ionische Gruppe aufweisen kann, die aus Pyridinium oder Chinolinium aus-
gewahlt ist,

wobei, wenn das durch X, X5, Ry4 und Ry, dargestellte Aralkyl einen Substituenten aufweist, der Substituent
ausgewahlt ist aus einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und einer Alkoxygruppe mit 1 bis 8 Koh-
lenstoffatomen, wobei die Alkylgruppe oder die Alkoxygruppe eine endstandige adsorptive Gruppe oder eine
Saureestergruppe der adsorptiven Gruppe aufweisen kann, ausgewahlt aus einer Carboxygruppe, einer Car-
boxylatgruppe, einer Sulfonsauregruppe, einer Sulfonatgruppe, einer Phosphonsauregruppe, einer Phospho-
natgruppe und einer Trialkoxysilylgruppe, und wobei die Alkylgruppe oder die Alkoxygruppe an ihrem Ende
eine ionische Gruppe aufweisen kann, die aus Pyridinium oder Chinolinium ausgewabhlt ist,

wobei, wenn die durch R4 bis Rg dargestellte Alkoxygruppe einen Substituenten aufweist, der Substituent
ausgewahlt ist aus einem Halogenatom,

wobei, wenn die durch Rq4 bis Ry dargestellte heterocyclische Gruppe einen Substituenten aufweist, der
Substituent ausgewahlt ist aus einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und einer Alkoxygruppe mit 1
bis 8 Kohlenstoffatomen.

8. Elektrochrome Vorrichtung nach Anspruch 7, wobei das Bipyridin-Derivat die mathematische Formel (1) erfiillt.

9. Elektrochrome Vorrichtung nach Anspruch 7 oder 8, wobei die elektrochrome Vorrichtung die mathematische Formel
(2) in einem Wellenlangenbereich von 450 nm oder mehr und 650 nm oder weniger erfillt,

0,8 < f2(m)/fi(m) < 1,2 (2).
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Elektrochrome Vorrichtung nach einem der Anspriiche 7 bis 9,
wobei die elektrochrome Schicht ein anderes Bipyridinderivat als das durch die allgemeine Formel (1) dargestellte
Bipyridinderivat enthalt.

Elektrochrome Vorrichtung nach einem der Anspriiche 4 bis 10, wobei die elektrochrome Schicht eine Flissigkeit
enthalt, die einen Elektrolyten und eine organische EC-Verbindung enthalt.

Elektrochrome Vorrichtung, umfassend:

die elektrochrome Vorrichtung nach einem der Anspriiche 4 bis 11; und
Ansteuerungseinrichtung zum Ansteuern der elektrochromen Vorrichtung.

Elektrochrome Vorrichtung nach Anspruch 12, wobei die Ansteuerungseinrichtung eine Einrichtung zum Steuern
einer Durchlassigkeit der elektrochromen Vorrichtung unter Verwendung einer Pulsbreitenmodulation ist.

Optischer Filter, umfassend:

die elektrochrome Vorrichtung nach einem der Anspriiche 4 bis 11; und
eine aktive Vorrichtung, die mit der elektrochromen Vorrichtung verbunden ist.

Optischer Filter nach Anspruch 14, wobei die aktive Vorrichtung so konfiguriert ist, dass sie die elektrochrome
Vorrichtung ansteuert, um eine Lichtmenge zu steuern, die durch die elektrochrome Vorrichtung hindurchgeht.

Linseneinheit, umfassend:

den optischen Filter nach Anspruch 14 oder 15; und
ein optisches Bildaufnahmesystem mit einer Vielzahl von Linsen.

Bildaufnahmevorrichtung, umfassend:

ein optisches Bildaufnahmesystem mit einer Vielzahl von Linsen;

den optischen Filter nach Anspruch 14 oder 15; und

eine Lichtempfangsvorrichtung, die so konfiguriert ist, dass sie Licht empfangt, das durch den optischen Filter
hindurchgegangen ist.

Bildaufnahmevorrichtung, an der ein optisches Bildaufnahmesystem mit einer Vielzahl von Linsen angebracht wer-
den kann, wobei die Bildaufnahmevorrichtung umfasst:

den optischen Filter nach Anspruch 14 oder 15; und
eine Lichtempfangsvorrichtung, die so konfiguriert ist, dass sie Licht empfangt, das durch den optischen Filter
hindurchgegangen ist.

Fensterelement, umfassend:

ein Paar von Substraten;

die elektrochrome Vorrichtung nach einem der Anspriiche 4 bis 11, wobei die elektrochrome Vorrichtung zwi-
schen dem Paar von Substraten angeordnet ist; und

eine aktive Vorrichtung, die mit der elektrochromen Vorrichtung verbunden ist,

wobei die elektrochrome Vorrichtung so konfiguriert ist, dass sie eine Lichtmenge steuert, die durch das Paar
von Substraten hindurchgeht.

Revendications

1.

Composé organique représenté par la formule générale (1) ci-dessous :
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R4 R2Reo Ris
Xi—N% H— HN—X;
R12R13R14R15
Al Ay (1)

dans laquelle X4 et X, sont chacun indépendamment sélectionnés parmi un groupe alkyle comportant éven-
tuellement un substituant, un groupe aryle comportant éventuellement un substituant et un groupe aralkyle
comportant éventuellement un substituant ;

R11aR4gsontchacunindépendamment sélectionnés parmi un atome d’hydrogéne, un groupe alkyle comportant
éventuellement un substituant, un groupe alkoxy comportant éventuellement un substituant, un groupe aryle
comportant éventuellement un substituant, un groupe hétérocyclique comportant éventuellement un substituant
et un atome d’halogéne ;

R,1 et Ry, sont chacun indépendamment sélectionnés parmi un atome d’hydrogéne, un groupe alkyle compor-
tant éventuellement un substituant, un groupe aryle comportant éventuellement un substituant et un groupe
aralkyle comportant éventuellement un substituant ; et A;- et A~ représentent chacun indépendamment un
anion monovalent,

dans lequel, lorsque le groupe alkyle représenté par X, X,, R{1 & Ryg, Ry4 €t Ry, comporte un substituant, le
substituant est sélectionné parmi un atome d’halogene, un groupe ester, un groupe cyano, un groupe d’ad-
sorption terminal ou le groupe ester d’acide du groupe d’adsorption sélectionné parmi un groupe carboxy, un
groupe carboxylate, un groupe acide sulfonique, un groupe sulfonate, un groupe acide phosphonique, un groupe
phosphonate et un groupe trialcoxysilyle, et un groupe ionique terminal sélectionné entre le pyridinium et le
quinolinium,

dans lequel, lorsque le groupe aryle représenté par X;, X,, R{4 @ Ryg, Ry €t Ry, comporte un substituant, le
substituant est sélectionné parmiun atome d’halogéne, un groupe alkyle comportant de 1 a 8 atomes de carbone
et un groupe alkoxy comportant de 1 a 8 atomes de carbone, dans lequel le groupe alkyle ou le groupe alkoxy
peut comporter un groupe d’adsorption terminal ou un groupe ester d’acide du groupe d’adsorption sélectionné
parmi un groupe carboxy, un groupe carboxylate, un groupe acide sulfonique, un groupe sulfonate, un groupe
acide phosphonique, un groupe phosphonate et un groupe trialcoxysilyle, et dans lequel le groupe alkyle ou le
groupe alkoxy peut comporter, au niveau de sa terminaison, un groupe ionique sélectionné entre le pyridinium
et le quinolinium,

dans lequel, lorsque le groupe aralkyle représenté par X,, X5, Ryq et Ry, comporte un substituant, le substituant
est sélectionné entre un groupe alkyle comportant de 1 a 8 atomes de carbone et un groupe alkoxy comportant
de 1 a 8 atomes de carbone, dans lequel le groupe alkyle ou le groupe alkoxy peut comporter un groupe
d’adsorption terminal ou un groupe ester d’acide du groupe d’adsorption sélectionné parmi un groupe carboxy,
un groupe carboxylate, un groupe acide sulfonique, un groupe sulfonate, un groupe acide phosphonique, un
groupe phosphonate et un groupe trialcoxysilyle, et dans lequel le groupe alkyle ou le groupe alkoxy peut
comporter, au niveau de sa terminaison, un groupe ionique sélectionné entre le pyridinium et le quinolinium,
dans lequel, lorsque le groupe alkoxy représenté par R4 @ R4g comporte un substituant, le substituant est
sélectionné a partir d'un atome d’halogéne,

dans lequel, lorsque le groupe hétérocyclique représenté par R, @ R4z comporte un substituant, le substituant
est sélectionné entre un groupe alkyle comportant de 1 a 8 atomes de carbone et un groupe alkoxy comportant
de 1 a 8 atomes de carbone.

Composé organique selon la revendication 1, dans lequel R4 a R4g représentent chacun un atome d’hydrogéne.
Composé organique selon la revendication 1 ou 2, dans lequel A;- et A,” représentent le méme anion.

Dispositif électrochromique comprenant deux électrodes et une couche électrochromique disposée entre les deux
électrodes,

dans lequel la couche électrochromique contient le composé organique selon I'une quelconque des revendications

1a3.

Dispositif électrochromique selon la revendication 4,
dans lequel la couche électrochromique contient un composé organique autre que le composé organique représenté
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par la formule générale (1).

Dispositif électrochromique selon la revendication 4 ou 5, dans lequel 'autre composé organique est un composé
phénazine, un ferrocéne, un composé métallocéne, un composé phénylénediamine ou un composé pyrazoline.

Dispositif électrochromique, comprenant :

deux électrodes ; et

une couche électrochromique qui est disposée entre les deux électrodes et qui contient un composé anodique
et un composé cathodique,

dans lequel la couche électrochromique contient un dérivé de bipyridine représenté par la formule générale (1)
ci-dessous, et

la couche électrochromique satisfait a la formule mathématique (1) dans une gamme de longueurs d’'onde allant
de 450 nm au minimum a 650 nm au maximum :

0,6 < f2(m)/fl(m) < 1,4 (1)

dans laquelle f1(m) représente une valeur obtenue en normalisant une absorbance de la couche électrochro-
mique dans un état coloré a une température ambiante de 0 °C a une longueur d’'onde m de 450 nm au minimum
etde 650 nm au maximum par rapport a une absorbance a une longueur d’'onde a laquelle le dérivé de bipyridine
présente une absorption radicale, et

f2(m) représente une valeur obtenue en normalisant une absorbance de la couche électrochromique dans un
état coloré a une température ambiante de 80 °C a une longueur d’'onde m de 450 nm au minimum et de 650
nm au maximum par rapport a une absorbance a une longueur d’'onde a laquelle le dérivé de bipyridine présente
une absorption radicale,

R4 Ry Rz R1s

R12 R13R14R15
A Ay (1)

dans laquelle Ry4 & R4g sont chacun indépendamment sélectionnés parmi un atome d’hydrogéne, un groupe
alkyle comportant éventuellement un substituant, un groupe alkoxy comportant éventuellement un substituant,
un groupe aryle comportant éventuellement un substituant, un groupe hétérocyclique comportant éventuelle-
ment un substituant, un atome d’halogene, et P(O)R,5 ; des substituants de R4 @ Ry peuvent formerun anneau
fusionné ; Ry5 représente un groupe aryle comportant éventuellement un substituant ;

R,1 et Ry, sont chacun indépendamment sélectionnés parmi un atome d’hydrogéne, un groupe alkyle compor-
tant éventuellement un substituant, un groupe aryle comportant éventuellement un substituant et un groupe
aralkyle comportant éventuellement un substituant ;

X4 et X5 sont chacun indépendamment sélectionnés parmi un groupe alkyle comportant éventuellement un
substituant, un groupe aryle comportant éventuellement un substituant et un groupe aralkyle comportant éven-
tuellement un substituant ; et A4~ et A,” représentent chacun indépendamment un anion monovalent,

dans lequel, lorsque le groupe alkyle représenté par X4, X5, R14 @ Ryg, Ry4 €t Ry, comporte un substituant, le
substituant est sélectionné parmi un atome d’halogene, un groupe ester, un groupe cyano, un groupe d’ad-
sorption terminal ou le groupe ester d’acide du groupe d’adsorption sélectionné parmi un groupe carboxy, un
groupe carboxylate, un groupe acide sulfonique, un groupe sulfonate, un groupe acide phosphonique, un groupe
phosphonate et un groupe trialcoxysilyle, et un groupe ionique terminal sélectionné entre le pyridinium et le
quinolinium,

dans lequel, lorsque le groupe aryle représenté par X4, X5, R44 @ R4, Roq, Roo et Ry5 comporte un substituant,
le substituant est sélectionné parmi un atome d’halogéne, un groupe alkyle comportant de 1 a 8 atomes de
carbone et un groupe alkoxy comportant de 1 a 8 atomes de carbone, dans lequel le groupe alkyle ou le groupe
alkoxy peut comporter un groupe d’adsorption terminal ou un groupe ester d’acide du groupe d’adsorption
sélectionné parmi un groupe carboxy, un groupe carboxylate, un groupe acide sulfonique, un groupe sulfonate,
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un groupe acide phosphonique, un groupe phosphonate et un groupe trialcoxysilyle, et dans lequel le groupe
alkyle ou le groupe alkoxy peut comporter, au niveau de sa terminaison, un groupe ionique sélectionné entre
le pyridinium et le quinolinium,

dans lequel, lorsque le groupe aralkyle représenté par X,, X5, Ryq et Ry, comporte un substituant, le substituant
est sélectionné entre un groupe alkyle comportant de 1 a 8 atomes de carbone et un groupe alkoxy comportant
de 1 a 8 atomes de carbone, dans lequel le groupe alkyle ou le groupe alkoxy peut comporter un groupe
d’adsorption terminal ou un groupe ester d’acide du groupe d’adsorption sélectionné parmi un groupe carboxy,
un groupe carboxylate, un groupe acide sulfonique, un groupe sulfonate, un groupe acide phosphonique, un
groupe phosphonate et un groupe trialcoxysilyle, et dans lequel le groupe alkyle ou le groupe alkoxy peut
comporter, au niveau de sa terminaison, un groupe ionique sélectionné entre le pyridinium et le quinolinium,
dans lequel, lorsque le groupe alkyle représenté par Ry & Ryg comporte un substituant, le substituant est
sélectionné a partir d'un atome d’halogéne,

dans lequel, lorsque le groupe hétérocyclique représenté par R, & R4g comporte un substituant, le substituant
est sélectionné entre un groupe aryle comportant de 1 a 8 atomes de carbone et un groupe alkoxy comportant
de 1 a 8 atomes de carbone.

Dispositif électrochromique selon la revendication 7, dans lequel le dérivé de bipyridine satisfait a la formule ma-
thématique (1).

Dispositif électrochromique selon la revendication 7 ou 8, dans lequel le dispositif électrochromique satisfait a la

formule mathématique (2) dans une gamme de longueurs d’onde allant de 450 nm au minimum a 650 nm au
maximum,

0,8 < f2(m)/fl(m) < 1,2 (2).

Dispositif électrochromique selon 'une quelconque des revendications 7 a 9,
dans lequel la couche électrochromique contient un dérivé de bipyridine autre que le dérivé de bipyridine représenté
par la formule générale (1).

Dispositif électrochromique selon I'une quelconque des revendications 4 a 10, dans lequel la couche électrochro-
mique contient un liquide contenant un électrolyte et un composé EC organique.

Appareil électrochromique, comprenant :

le dispositif électrochromique selon I'une quelconque des revendications 4 a 11 ; et
un moyen de pilotage destiné a piloter le dispositif électrochromique.

Appareil électrochromique selon la revendication 12, dans lequel le moyen de pilotage est un moyen destiné a
commander une transmittance du dispositif électrochromique au moyen d’'une modulation en largeur d’impulsion.

Filtre optique, comprenant :

le dispositif électrochromique selon I'une quelconque des revendications 4 a 11 ; et
un dispositif actif connecté au dispositif électrochromique.

Filtre optique selon la revendication 14, dans lequel le dispositif actif est configuré pour piloter le dispositif électro-
chromique de fagon a commander une quantité de lumiére qui traverse le dispositif électrochromique.

Unité objectif, comprenant :

le filtre optique selon la revendication 14 ou 15 ; et
un systeme optique de capture d’image comprenant une pluralité de lentilles.

Appareil de capture d’'image, comprenant :

un systeme optique de capture d’'image comprenant une pluralité de lentilles ;
le filtre optique selon la revendication 14 ou 15 ; et
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un dispositif de réception de lumiére configuré pour recevoir la lumiére qui a traversé le filtre optique.

18. Appareil de capture d'image sur lequel peut étre monté un systéme optique de capture d'image comprenant une
pluralité de lentilles, I'appareil de capture d’image comprenant :

le filtre optique selon la revendication 14 ou 15 ; et
un dispositif de réception de lumiére configuré pour recevoir la lumiére qui a traversé le filtre optique.

19. Elément fenétre, comprenant :

deux substrats ;

le dispositif électrochromique selon I'une quelconque des revendications 4 a 11, le dispositif électrochromique
étant disposé entre les deux substrats ; et

un dispositif actif connecté au dispositif électrochromique,

dans lequel le dispositif électrochromique est configuré pour commander une quantité de lumiére qui traverse
les deux substrats.
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